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APPENDIXB
DETERMINATIONF AQUIFERPROPERTIES
FROMPUMPINGTESTANALYSIS
Sixsiteswereconstructedforpumpingtestinvestigationseath
comprisinga productionboreholesupportedby a singleobservationborehole.
Constantratetestingfor1131tO 10 daysprovidedestimatesof aquifer
transmissivityandstorage,whilestepdrawdowntestsof either4 or 5 stages
of 1 to 3 hoursdurationgaveinformation yield/draWdowncharacteristics
andboreholefficiency.
In ourexplorationof theaquiferpropertiesandpumpingcharacteristics
we adopteda fairlystandardtestdesign.Eachtestboreholecompriseda
20m lengthof 6 inch0.5mm slottedscreen,gravelpacked,andsetbelow
8 inchcasing.Uponcompletionof drillingtest boreholesweredevelopedby
airliftingforbetween24-30hoursandbypumpingforup to 10hours.
Pumpingwasundertakenwitha shaft-drivendieselturbineanddischargemonitored
usingan orificeplate.Waterwasdischargedat least90m fromthetestsites
to avoidrecirculationwhilstwaterlevelmeasurementsweremadeby electric.
tapein theobservationboreholesandby airlinein thetestwells.
Eachof thethreemainaquiferlithologiesweretested.Construction
detailsaresummarisedinTableB1 andFigureBl. At threesites(1T,3Tand
5T)themoreextensivebuffsandaquiferwasexplored,borehole2T examined
theredsands,borehole4T thelimestones,whilStat 6T thescreenVW set
inbothbuffandredsands.Thisappendixfirstlydiscussestheresultsof
theconstantrateteststodeterminethenatureof theaquiferandaquifer
properties,theresultsof thestepdrawdowntestsarethenpresented,and
finallyallof thewaterleveldataaregivenin simpletabularform.
B1 CONSTANTRATETESTING
Ouranalysisandinterpretationof thesetestresultshasbeenmade
fromdraudowndatain theobservationboreholes.Waterlevelinformation
inthepumpedboreholeshadtobe collectedby airlineandhasprovedto
be lessreliableforpurrosesof determiningthenatureof theaquifer.
TABLEB1
CONSTRUCTIONDETAILSPUMPINGTESTSITES


PUNTEDBOREHOLE
(metres)
OBSERVATIONBOREHOLE
DISTANCEOF
No. Depth Screen No. Depth Screen OBS.B.H.FROM




PUNPEDB.H.
1T 152 132-152 3? 253 132-144 30.5
2T(A) 187 172-184 6P(A) 182 170-182 19.9
3T 155 130-150 713 277 134-146 27.2
41 163 143-163 9P 163 151-163 24.0
5T 156 136-156 10P(A) 153 141-151 7 t13.1
6T 130 111-130 12P 126 114-126 22.0
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TEST WELLS: SCREEN SETTINGS,WATER LEVELS & SIMPLIFIED GEOLOGY
Figure 13.1
TheresultsTwinthefivetestsitesinthesandaquiferhavebeensubmitted
to analysisusingunconfinedsolutionsandthedrawdowndatamatthBoulton'
delayedyieldtypecurves.relayedyieldis an effectfoundinunconfined
aquiferscausedby thedrawingdownof theusterlevelleavingpores
containingsignificantumterabovethewutertable.At thestartof
abstractionthesystembehavesas an artesianaquifer;however,aftera
shortinitialperiod,therate-i5fdrawdouridecreasesaswaterisreleased
fromstoragein thede-umteredsediment.Thissupplycanbe sufficientto
decreaseor evenhalttheexpansionoftheconeof depression.Delayed
yieldslowlybecomeslessimportant,therateof drawdownincreases,and
onceagain,approathesthatofan artesianaquifer.
Recognitionof theconditioninvolvesmatthingwaterleveldata,
plottedon log-logscale,againsta seriesof typecurves.Pumpingtest
dataareshownin FiguresB.2to B.7witha fullmarkedexamplebeinggiven
in figureB.2fortheobservationboreholeat siteTl.
TheformulaeusedforderivingTransmissivityandStorageareas
follows:-
ru s
T -
Q w (uA,uy,1-4)
Eq.1
4tu T
S - r2
 
Eq.2
Where: T = transmissivityinm2/day
S = storagecoefficient(derivedfromlatedata)
Q = disthargeinm3/day
t = timeindays
r = distancefromobservationwellto pumpedwellinmetres
s =. drawdowninobservationwellinmetres
w(uA,uy,1:/B)= WellFunction.wu useduhenearlypartof datais
matched.w usedAuhenlatedataismatched.r value/B111,
isgivenby11e bestfitcurve.
BoultonN.S. 1963.Anal-is-2 of datafromnon-equilibriumpumping
testsallaringfor delciedyieldfromstorage. Proc.Cita.Engrs.
(London)v.26,No 6693
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Resultsfranearlydatashowapproximatelythesanetransmissivity
buta lowerstoragecoefficientthanthosefittedto thelatedata. For
examplethesolutionof 3P givesan earlystoragecoefficientof .026percent
anda lateoneof 1.1percent. It is thestoragecoefficientderivedusing
thelatedatatakinggravitydrainageintoaccounthatis importantin
longtermmovementsof thewatertable.
Resultsof thepumpingtestsolutionsareshowninTableB.2. For
thesandaquifersBoultonsolutionsshowtransmissivityvaryingbetween
646-1247m2/dandstoragecoefficients,takingdelayedyieldintoaccount
from1 percentto about6 percent.
Thelimestonetestedat site4T,doesnotdisplayunconfinedwater-
tablecharacteristics.A semi-confinedaquiferis indicated.Analysisof
theearlystagedatausingBoultontypecurvesgivesa storagecoefficient
of 0.03percentreflectingtheleakyartesianconditionsandthelowest
transmdssivityvalueof 234m2/d.
Ourmaininterpretationhasbeenbaseduponuseof theBoulton
solutionsincerecognitionf thedelayedyieldeffectismostimportant
to ourresourcesconsiderations.Pumpingtestdatahavealsobeen
analysedusingtheJacob'modificationf theTheismethod.Thisinvolves
plottingthedrawdowndataon a semilogplot,withtimeon thelogscale,
andusingthesloreandinterceptof theresultingstraightlineto
estimatetransmissivityandstorageusingthefollowingformulae
0.183RT - 	 As
2.25Tto
S -
r2
Eq.3
where T = transrdssivitvnm2/day
S = storagecoefficient
Q dischargeinelday
s = drawdownoveronelog,cycleof time,inmetres
r = distancebetweenobservationa dpumpedwellinmetres
to = interceptof thestraightlinewiththezerodrawdown
axis,indays
•1'JacobC.E. 1946. Drathaintestto determineeffectiveradiusof
Artesi,anWell.Proc.Am. Soc.CivilEngineers.v.72
••-•;TAW:
AZI_T:Fa FT(27ESTES
haL KIV...1212 i
i
Tr..;1:-S7C5.511•171 JERM.ABILITI SIORAGI:
Pr
COLFFIC1ENT
zr• :•1
SPECIFIC
CAPACITY
(I DAY)
AL?LI!n.lt
1•
i:c- ted,t-.••/.:
,
i
i
1
!
I
?enetration
Correctioi.
r:/d
mid: Jacob outBl on
m3/d/rn 1
I
Early Late


-MK;- 3Tt :.DES. bELL)i ic
- -
9E5


143.2-IT.172SS71-hELL)1
1,
:136 15.2. 0.02 0.03 1.1
155 huf f sandi
:
/431:21-i;411-151h111.1_-)
kla.1-61•,: J/0s.S.hal.) 7:3 -1:47
'
I
'
22S6 16.3 0.07 0.07 2.3
187 kud Sand
M.31,3-3::VLSI- 1‘1.1.I.
1.1.1Q-7PIOSS.1.1.1.111.71J
.•
.
:843


i
!
,
i


0.02 0.04 4.6
188 huff Sand.
MGQ-41 !TES: bELL)
1.11•Q-81',05.S.1.ELL: 2:5
•
-:23:


:
i
!
-
-
.,
0.03 0.03


49 LisLustono
;TEST hal.)
43Q-10ivo (as. IELL) 4.33 .i
.
[TO:
i
-
142-Q-3T
1
1 4570
1.
36.6 0.09 0.05 5.7
101 nu f I Sand
MCQ-67 jESII ;ELL)
14.1Q-128 (035bal_) 3:7
j
i I1 oat1
I,i!
lal110.1 i 0.07 0.07 5.5
. 110 half sand
kea sand


PenreaSility has been deterr.L-..ea i diNt.aing the ccn-ected transmissivity by the total saturated tiacialuss.
A workedexampleof thismethodis shownforMGC-3Pin Figure3.8,
whilesemd-logplotsforeverytestarepresentedinFigure3.8to3.13.
Thismethodisdesignedfortheanalysisof pumpingtestsof confined
aquifers.If,however,onlytheearlypartof thedataisused,
thusavoidingtheeffectsof delayedyield,themethodcanbe used
successfullyto calculatetransmissivityforwatertableconditions.
Storagecoefficientsderivedusingthismethodareon theotherhandanalagous
withthosederivedfromearlyBoultonsolutionsandforthesamereasons
areunrepresentative.
Correctionsfor partial penetration
Becauseobservationwellsusedfor
1 1
. aquifertobetween-5-and7 of thetotal
transmdssivitieshavetobe corrected.

thesixtestsonlypenetratethe
saturatedthickneSs,thecalculated
Theeffectof a partiallypenetrating
wellisto increasethedrawdownby causingan elementof verticalflow
ttaroundthepumpedwell,fora distancequivalentto 11timesthethickness
p of theaquifer.Thiscausescalculatedtransmissivitiesto be underestimated
CorrectionshavebeenappliedtotheBoultondatausinga type-curvefitting
methoddevelopedby Hantushl.ThesearegiveninTable3.2,Figure3.14 '
givesa workedexampleforMGQ 3P.
TheHantushmethodsolvesthefollowingequation:-
b d zK - 	 8us(b-d)E(u'7'T'y )
where
Eq.5
Q, s andr areas previouslydefined
b = distanceinmetresfromwatertabletobottomof thescreen
d = distanceinmetresfromwatertableto topof screen
b + d
z -in metres
b d zE (u,7, 7,= 1q(.1,81)+ M(u,82)+ M(u,s3)- M(u,64)
HantushM.S. 1962Aquifertestson partiallypenetratingwells.
Am.Soc.Civ.Eng.Trc714.,Vol 127partI : 284-308.
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$1 = (b+z)/r
s2 = (d+z)/r
63 = (b-z)/r
134= (d-z)/r
M(u,a)is a functionforwhichnumericalvaluesareprovidedinpublished
tables.
r2 S/D
u ma- Eq.6
whereD = thicknessof aquiferinmetres
S = Storagecoefficient
t = timesincepumpingbeganin days.
B2 SrEPDRAIWWNTESTS
Thesewerecarriedoutto examinewelldesignandefficiencyandto
determineyield/drawdownrelatianships.
Withsteptestdatait is possibleto separatethecomponentsof total
drawdohnintothatcausedby theresistanceof theaquiferto flowand
thatrangedby theturbdlentmovementofwaterinandaroundthewell.
Thefirstistermedaquiferlossandthesecondwellloss. Theyare
calculatedusingthefollmingformuladevelopedbyJacob2.
sw = BQ + CQ? Eq.7
wheresw =-the theoreticaldrawdoiminthepumpedwell
B = theformationconstant
C = thewelllosscanstant
Q = thedischargeinm3/day
andBQ andCQ2aretheformationandwelllosscomponentsrespectively.
JacobC.E.2946.Drcd...7727-.test to determineeffectiveradiusof
ArtesianWell.PTOC. 47. Soc. CivilEngineers.v.72.
Thewellefficiencyis derivedwhentheaquiferlossis expressedas
a percentageof totaldrawdown,thehigherthepercentagethemoreefficient
thewell. Efficiencywilldecreasewithincreasingpumpingrateandwill
tendto increaseslightlywithtime An exampleof a testanalysisis
giveninFigureB.15,forboreholeMGClit4T.
Of thesixstepteststhteehavebeensuccessfullyinterpretedand
theresultsarelistedbelow.


Percent Duration: Discharge
WellNUMber Efficiency hours e/day
MGQ-3T 98 3 1920
MGQ-1T 64 2 2160
MGQ-4T 83 1 1200
Thetestsof thethreeremainingwellsrr(A),ST and6T didnot
producesolutionsbecauseofwelldevelopmentproblems.FigureB.16
showsthatduringtheseteststhespecificdraudoumdedreasedwith
increasingpumpingrateinsteadof increasingaswouldnormallybe the
case. Thefailureof thewellsto beconefullydevelopedespitehaving
beenextensivelyairliftedandpumpedfortenidaysisprobablyrelated
to thefinegrainednatureof theaquifer.Theproblemof efficientwell
developmentin theseslightlycementedsandsisparticularlydifficult.
Thisidasanticipatedin thedrillingprogrammeWhiChuseda degradable
drillingfluidin preferenceto conventionalmud. Medhanicallyproduced
skineffectson theboreholefaceobviouslyinfluencesamewellperformances
andparticularcareisneededintheconstructionfproductionwellsto
minimisesucheffects.
Theresultsof thesixsteptestsaresummarisedasyield/drawdown
curvesin FigureB.17. Borehole4T in thelimestoneclearlyeXhibitsthe
poorestyield/drawdownCharacteristics.Thewellefficiencyof 83percent
is good,andthepooryieldreflectsthelessattractiveaquiferproperty
of thelimestoneas comparedwiththesands.
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Generallya simplefamilyof drawdowncurveswereobtained.
Borehole1T exhibitslightbreakawayCharacteristicsat thetwohighest
ratesof abstractioninkeeningwiththelowwellefficiencyof 64per
cent. BoreholesSTand6T exhdbithepoorestsandaquiferyield/drawdown
characteristicsandif thesewereproductionwells somesignificant
improvementinyieldcharacteristicswouldneedtobe sought.
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00
mouOISMO kESOLJRCESTOUY
ALL Int DATA
STEP ORAAuJoN TEST - PUMPED wELL
PUMPING AT MG(:17 GRIO REF. 52112393
OArE OF TEST 13 9 79
POMPINO RATES
616.0 FROM
947.0 FROM
1331.0 FRoM
1689.0 FkOm
2176.0 FkOm

(m"3/1JAY) :
0.0 MINS TC
120.0 MINS TO
240.0 MINS TO
360.0 MINS TO
460.0 MINS TO
120.0 MINS
240.0 MINS
360.0 MINS
480.0 MINS
600.0 MINS
REST wATEk LEVEL NOT RECOROEO
TIME(MINS) UmAiquowN(m) TIME(MINS) DRAWOOAN(M)
2.0 3.300 134.0 4,780
3.0 3.300 136.0 4.850
4.0 3.300 138.0 4.850
5.0 3.020 140.0 4.850
6.0 2.470 145.0 4,990
7.0 2.670 150.0 5.130
8.0 2.670 155.0 5.200
10.0 2.670 160.0 5.200
12.0 2.670 165.0 5.200
14.0 2.670 170.0 5.200
16.0 2.470 175.0 5.270
18.0 2.470 180.0 5.270
e0.0 2.470 195.0 5.270
26.0 2.470 210.0 4.850
•30.0 2.810 225.0 4.850
35.0 2.810 240.0 4.850
40•0 2.810 241.0 7.100
45.0 2.810 2412.0 7.100
5u.0 2.810 243.0 7.100
55.0 2.610 244.0 7.100
63.0 2.810 245.0 7.100
75..0 2.810 246.0 7.100
90.0' 2.810 247.0 7.100
105.0 2.810 248.0 7.100
120.0 2.810 249.0 7.100
121.0 4.570 250.0 7.100
122.0 4.71u 252.0 7.100
le3.0 4.710 254.0 7.170
124 .0 4.71U 256.0 7.170
125.0 4.710 258.0 7.170
126.0 4.780 260.0 7.170
127.0 4.780 265.0 7.170
128.0 4.780 270.0 7.170
129..0 4.780 275.0 7.170
133.0 4.780 250.0 7.170
1.42.0 4.780 285.0 7.170
 CuR;1 iLscu:
'U1Sh3 ,,c8oLp,CE 5Tuul
ALL Tilt uATA
itiAALN FEST - rOmHED wELL
110E(mili5)
PLJP1ku
Orlawuu4N(M)
:41mG.17GR1UriE.F.
sAtEOFTEST
rlr'tI(MINS)
52112393
13979
OkAAOLiwN(M)
290.0 7.170 480.0 9.980
295.0 7.170 465.0 9.910
300.0 /.240 480.0 9.910
315.0 7.240 481.0 13.000
330.0 7.310 482.0 13.080
345.0. 7.450 483.0 13.080
360.0 7.450 484.0 13.150
361.0 9.630 485.0 13.220
362.0 9.700 486.0 13.220
363.0 9.770 487.0 13.220
364.0 9.770 488.0 13.290
305.0 9.770 489.0 13.290
386.0 9.640 490.0 13.290
367.11 9.840 492.0 13.290
368.0 4.840 494.0 13.360
369.0 9•840 496.0 13.360
3/0.0 9.910 498.0 13.360
372.0 9.910 500.0 13.360
374.0 9.910 505.0 13.360
3/6.0


510.) 13.360
378.0 9.91u 515.0 13.430
360.0 9.91U 520.0 13.430
365.0 9.910 525.n 13.430
390.0


530.0 13.430
395.0 9.900 535.0 13.430
400.0 9.980 540.0 13.430
405.0 9.980 555.0 13.430
410.0 9.98U. 5/0.0 13.430
415.0 9.960 585.0 13.430
420.0 9.980 600.0 13.430
435.0 9.980


STUuT
LILL THE 0474
LT45I4of kihit rt51
- rsimiacU*ELL
PumPiP.1.,Ar jJjT GR1U ritr. 52112393
ual'E OF TtSr 1 9 79
PUNPIN(3 IRAIES (i•1'43/1.:AY):
2176.0 Fkum 0.0 -1116 10 14100.0 MINS
REST 4ATtk Lt.VtL NUT riECUk0Ej
Tif0E(MINS) USsaUUmN(0) TIME(WIN5) ORAwDOwN(m)
.5 10.970 150.0 13.570
1.0 12.020 165.0 13.500
1.5 12.440 160.0 14.060
2.0 12.720 195.0 14.130
2.5 13.080 210.0 14.270
3.0 13.290 225.0 14.340
3.5 13.070 240.0 14.130
4.0 13.010 255.0 13.710
4.5 13.010 270.0 14.270
5.0 13.080 265.0 14.270
6.0 13.080 300.0 14.270
7.0 13.150 315.0 14.270
8.0 13.22u 330.0 14.340
.9.0 13.220 345.0 14.340
10.0 13.220 360.-0 14.340
11.0 13.220 375.0 14.270
12.0 13.220 390.0 14.270
13.0 13.29U 405.0 14.270
14.0 13.290 420.0 14.270
15.0 13.290 435.0 14.270
16.0 13.290 450.0 14.270
17.0 13.290 465.0 14.270
16.0 13.360 460.0 14.200
19.0 13.360 495.0 14.130
20.0 13.360 510.0 13.990
25.0 13.360 525.0 13.990
30.0. 13.360 540.0 13.920
35.0 13.360 555.0 13.920
40.0 13.360 a(0.0 13.650
45.0 13.360 565.0 14.920
50.0 13.350 500.0 13.920
55.0 13.360 615.0 13.92u
60.0 13.430 630.0 13.92J
/5.0 13.430 645.0 13.920
90.0 13.430 66u.0 13.920
105.0 13.500 675.0 13.99v
120.0 13.530 690.3 13.990
135•0 13.570 705.0 13.990
:3;4,-T4.1
:Smki nc_SuunC7._ STLor
ALL THt
;a5T -rUMPtu ALLL
flut(mi)
Ar
t.).-4,iuutffiN(m)
jr (kI) 4LE.
L.:TEOEiEsT
52112393
19
uk4..DuAi4(m)
/40.0 1_1.993 1350.0 14.000
735.0 13.940 1365.0 13.900
750.0 13.99U 1380.0 13.99u
765.0 14.066 1395.0 14.010
73u.0 14.Utcl 1413.0 14.000
795.0. 14.06u 1425.0 14.060
810.0 1..06U 1440.0 14.060
825.0 14.06u 1470.0 13.990
840.0 14.060 1500.0 13.990
855.0 14.060 1530.0 14.270
870.0 14.060 1560.0 14.200
835.0 14.060 1590.0 14.200
9uu.0 14.060 162u.0 14.200
415.0 14.060 1650.0 14.200
930.0 14.06u iskao.o 14.270
945.0 14.06U 1710.0 14.270
96U.0 14.060 1740.0 14.200
975.0 14.060 1770.0 14.200
990.0 14.060


14.200
1005.0 14.1360 1d30.0 14.27u
1020.0 14.060 1660.0 14.27u
10.35.0 14.06u 1540.0 14.270
1050.0 14.060 1420.0 14.270
1j55.0 14.060 1450.0 14.130
1080.0 14.060 1460.0 14.130
1u95.0 14.060 2J10.0 14.130
1110.0 14.ubb 2040.0 14.130
i146.0 13.92Q 2070.0 14.130
1140.0 13.(420 2100.0 14.130
i155.0 13.42u 2130.0 14.130
i170.0 13.92u 216).0 14.130
1165.0 13.92u 2140.0 14.130
1200.0' 11.920 222'3.0 14.130
1215.0 13.92U 2250.0 14.130
1240.0 1.3 •99u 22du.0 14.13)
1245.0 14.(421: 27210.0 14.130
120i.0


21,.u.r)


1275.0


14.130



14.2.h;
1305.0 13.99u


14.2!.)U
1120.0


2.00.0 14.200
1335.0


24.40.0 14.210
(CONfINUEU)
-ctSjurLE Stout
ALL fnE uATA
LO,i5i4141r+kiL-TtST e PUMeLu AELL
r1mEtmiNS) U r044U WI N ( M )
GrilDft.
uarETCST
ri:JENINS)
52112393
197;
ukAwidOsN(A)
2520.0 1 4 . 200 3760.0 14.760
2550.0 14.210


14.76U
2560.0 14.27U 3n40.0 14.760
2610.0 14.-44U 3R70.0 14.270
2640.0 I4.34U 3900.0 14.130
2670.0 14.340 3930.0 14.130
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2940.0 1.4.U60 4200.0 1.4.270
2970.0' I4.34U 4230.0 14.200
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1u360.0 1-.640 11640.9 13.990
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13C69.0 14.130 12p40.3 14.060
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.9=2 1350.0 .950
750.0 .924 1365.0 .951
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760.0 .926 1395.0 953
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810.0 .931 1425.0 .957
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855.0 .932 1500.0 .96/
870.0 .433 1530.0 .973
585.0 .934 1560.0 .975
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915.0 .941 1620.0 .960
930.0 .951 1550.0 .983
945.0 .452. 1660.0 .990
950.0 .953 171u.0 .991
975.0 .955 1740.0 .992
990.0 .95D 177u.0 .993
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1020.0 .95n 1630.0 .997
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9750.0 1.173 11040.0 1.184
9780.0 1.169 11u70.0 1.185
9810.0 1.169 11)00.0 1.186
984u.0 1.165 11130.0 1.166
9870.0 1.±62 1116,3.0 1.184
9900.0 1•160 41190.1 1.182
9930.0 I•159 1120.0 1.18U
9960.0 1.148 11250.0 1.177
9990.0 1.152 11260.1 1.178
10020.0 1.i53 11-410.0 1.174
10050.0 1.153 11340.0 1.173
1JU60.0 1.151 113)0.0 1.170
1011u.0 1.158 11400.0 1.169
10140.0 1.15b 11433.0 1.164
10170.0 1.158 11460.1 1.170
1u200.0 1.16U 11490..0 1.166
102.30.0 1.163 11520.0 1.166
10260.0 I•1•67. 11550.0 1.167
10290.0 1.172 11540.0 1.168
10420.0 1.173 11610.0 1.174
10350.0 1.173 0640.0 1.177
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10410.0 1.172 11700.0 1.179
10440.0 1.169 11730.0 1.184
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5610.0 14.20U 6H/u.0 19.200
5640.0 19.200 6900.0 19.200
5670.0 19.100 6930.0 19.200
5700.0 19.100 6960.0 19.200
5730.0 19.1uU 6990.0 19.200
5760.0 14.100 7020.0 19.200
5790.0 19.100 7050.0 19.200
5820.0 19.100 70/.33.0 19.200
5850.0 14.100 7110.0 19.200
5660.0 14.200 7140.0 19.200
5910.0 19.20u 7170.J 19.200
5440.0 19.200 7200.0 19.200
5970.0 14.20u 7230.3 19.200
6000.0 19.200 1260.9 19.200
6030.0 14.20u 7290.0 19.200
6060.0 14.200 7320.0 19.200
6090.0 14.200 7350.9 19.200
6120.J 19.200 7260.0 19.200
6150.0 1,.2J0 7410.0 19.209
6160.0 19.200 7440.) 19.209
63210.0 1,.2)0 7470.J 19.200
6240.L1 i;.;00 750).9 19.200
6270.0 Ii.dj0 7 530.o 19.200
6200.0 ;4.d..Jj 7560.) 19.200
(CON;11...) STouY
friEOATA
SI-4; rEST - idumHED*ELL
TIME(mP.45)
Pip,P1b
ukLAIJO*H(m)
19.200
tirt1,1)r;EF.
UFTES!
FP-L('AINS)
685J.0
52772333
S1079
DRAROONN(k)
19.200
162C.0 19.200 8e360.0 19.200
700.0 19.200 0‘,10.0 19.200
/630.0 19.20u 8940.0 19.200
7710.0 19.200 d97u.0 19.200
774u.3 19.200 ';000.0 19.200
7770.0 19.200 9030.0 19.200
7au0.0 19.200 9060:0 19.200
7d30.0 19.200 9090.0 19.200
7660.0 19.200 9120.0 19.200
7890.0 19.200 9150.0 19.200
7920.0 19.200 9180.0 19.200
7960.0 19.200 9210.0 19.200
7900.0 1'4.200 9240.0 19.200
6u1O.0 19.200 9210.0 19.200
_8040.0 19.200 9300.0 19.200
6070.0 19.200 9330.0 19.200
61u0.0 19.200 9360.0 19.200
6130.0 19.200 9390.0 19.200
6160.0 19.200 9420.0 19.200
6190.0 19.200 945Ci
 O 19.200
6220.0 19.200 9460..0 19.200
6250.0 19.200 9510...; 19.200
6269.0 19.200 9549" 19.200
6310.0 19.200 9510.0 19.200
634.u.0 19.20U 9600.0 19.200
83/0.0 19.200 9t30.0 19.200
d4u0.0 19.200 95E7)0.0 19.200
6430.0 19.200 9t90.0 19.200
6400.0 19.200 9720.0 19.200
6490.0 19.200 9750.0 19.200
6523.0 19.20u 97oU.0 19.200
6:150.0 19.20U


19.200
85n0.0 1.;.20u 9,1;40.0 19.200
diu.0 19.200


19.200
.10.1,40.3 19.200


19.200
J61J.)


443J.J - 19.230
670u.J 144.LOU 9c63.0 19.2)0


9;9j.3 19.200
07r:.;.0 19.200 10r)20.0 19.2'00


19.200 10i:‘,300 19.200
062.3 19.2u0 10Thi.) 19.200
;LO,Jr1;:utu, ne15(JukCESTujY
L TrIL LaLi4
-L 75ST - (iLLL
-r;LrAPi4c, 6i110 c.F. 5E772333
rimE(miNs) utifaNuJ4L(4)
J4TEOFTESI r1074
LikAAtiww-i(m)
1u110.0 19.200
.1370.0 19.200
10140.0 14.2G0 11400.0 1.200
10110.0 19.200 .1430.0 19.200


1u200.0 11450.0 19.200
10230.0 19.2uu 11490.0 14.200
10260.0, 14.200 1520.0 14.200
10240.0 14.200 1;50.0 19.200
10329.U. 14.200 1550u 14.200
1u350.0 14.200 11610.0


1u3du.0 19.200 :14,40.0 14.200
10410.0 1.3.20o 11570.0 14.200
10440.0•


11700.0 14.200
10470.0 13.200 11730.0 14.200
10500.0 14.200 11760.0 14.200
10530.0 14.200 11 HO.° 14.200
10560.0 19.200 11e20.0 19.'200
10590.0 19.2oo 11600.0 19.200
10620.0 19.20u 11BoU.J 14.200
10660.0 19.200 .1.-410.() 14.200
10660.0 19.i0u ,1940.0 14.200


14.200 £1470.0 14.200
10740.0 14.200 :2000.0 19.200
10770.0 19.200 :2030.0 19.20u
10260.0 :9.230 1205j.0


10830.0


12040.0 tv.200
10850.0


:2170.1 14.200
10890.0 14.200 12160.0 19.200
10920.0 14.200


14.200
10950.0 14.200 12210.0 19.200
10980.0 1.4.200 .12740.0 14.200
11010.0 19.200 12.?70.0 19.230
11040.0 19.200 2300.) 14.200
11070.0 19.200 :2330.3 14.200
11100.0 14.200 12-400.J 14.200
111130.0 14.2.J0


14.20u
11150.0 i9.200 1.7a2o.o 19.200
11140.0 19.200 • 14.2CO
11220.0 14.200


11250.0


19.2ju
Iiejo.0 i4.200 3 19.07,u
11210.0


1%5 !tn.') 14.2Du
11340.0 14.200


14.20o
IDTLluY
.4LL Fit uATA
cuNfAN; ItS1 - idumostU AELL
i1!-;L(m1NS) ukAlLui,d(m)
0-(1,3g- LF.
LLkiEUricsT
riYE(!#.1,4S)
52i72333
81079
LikAgOthiN(m)
12o30.0 19.2u0 13=,00.) 19.200
12660.0 19.2uu 1330.0 19.200
12590.0 14.200 13550.r: 19.200
12120.0 19.200 13590.1 19.200
12/50.0 19.200 130)20.J 19.200
12700.0 19.200 13b50.0 14.200
12.910.0 i9.200


19.200
12840.0 19.200 13710.0 19.200
12b/0.0 19.200 13740.0 19.200
12900.0 19.200 137/0.0 19.200
12930.o 19.200 13r3U0.0 19.200
12s50.0 19.20U 13830.0 19.200
12990.0 19.200 13?60.0 19.200
13020.0 19.200 13,A90.0 19.200
13,050.0 19.200 13920.0 19.200
1-30i0.0 19.200 13950.0 19.200
13110.0 19.200 139d0.0 19.200
13140.0 19.200 14010.0 19.200
131.70.0 19.200 14040.n 19.20u
13200.0 19.200 140(0.0 19.200
13240.0 19.200 14103.0 19.200
132ou.0 19.200 14i30.0 19.200
13290.0 19.200 14160.0 19.200
13i20.0 19.200 14190.0 19.200
13350.0 . 15.200 142-2u.o 19.200
13.160.0 19.200 14250.0 19.200
1341.u.0 19.200 14280.1 19.200
13440.0 19.200 14310.1 19.200
13470.0 [9.200 14340.0 19.200
J):S -13 -(1.15No-CE STuut
ALL TnE
51Ee 0kAiv,3A: TE5r - ;,umr,ED WELL
ktimPINli AT -14 ;5i 6k13 52772343
20 10 79
kumP1Nb rtATES




596.0 FROM 0.0 MINS TO 120.0 miN5
649.0 FRuil 120.0 AINS TO 240.0 •c45
1194.0 FkOm 240.0 11rS 10 360.0 AF4S
1553.0 Fkum 350.0 mINS 10


1912.0 FkGM 460.6 NINS TO 600.0 mf,' J3
hESTmATER
TIME(MINS)
LEVtLNOIi<ECORDEU
DkA0004N(m) I imE (MINS) ukAINDOwNlm/
1.0 8.500 130.0 8.400
2.0 8.400 I32.0 6.400
4.0 14.100 134.0 8.400
4.0 5.100 136.0 8.400
5.0 6.100 146.3 8.400
6.0 6.100 140.0 8.400
1.0 6.500 145.0 6.400
6.5 0.300 150.3 8.400
9.0 6.000 155.0 6.400
16.0 o.100 160.0 8.400
12.0 6.200 16S.° 8.300
14.0 0.300 170.0 8.300
16.0 6.100 175,1 6.300
10.0 5.900


6.300
20.0 5.900 19.5.0 6.300
25.0 5.900 210.J 6.400
40.0 5.900 225.0 8.300
35.o 5.900 240.0 8.300
40.0 5.900 241.Q 11.500
45.0 5.900 242.0 11.600
50.0 6.000 244.0 11.600
53.0 5.000 244.0 11.600
50.0 6.000 245.0 11.500
75.0 6.000 246.0 11.600


0.00U 247•0 11.600
105.0 5.000 248.1. 11.600
12.3.0 5.300 24'1.0 11.600
)21.0 &‘.200 ;50.1 11.500
122.0 2.300


11.000
124.0 t+.400


11.000


el.400 250.) 11.600
125.0 ri.40,A)


11.000
126.0 Pi.400 =6).3 11.600
127.0 q.40U 255.1 11.600
128.0 1.400 ;/j.3 11.500
129.0 h.400 ;/3.:1 11.000
(CuNf1f4utu) 5Tuur
ALL T-It WAT4
s:cr Ic5T - AELL
IIME(MIN51
Pk.,:,.(3
LikAApow;4(f.fl
AT-3,41C)rcal-.
uf-it5f
52772343
201079
URAwuuwinsil
280.0 11.60u 435.0 15.900
285.0 11.50u


15.900
290.0 11.600 46D.0 15.900
295.0 11.600 46o.0 15.90n
300.0 11.600 461.1 16.300
315.0. 11.600 462.0 16.300
330.0 11.600 4630 16.300
345.0 11.600 464n. 16.300
360.0 11.600 465.0 18.300
361.0 15.900 486.0 18.300
302.0 16.000 467.0 16.300
303.0 i0.000 466.0 16.300
364.3 15.900 464.0 16.300
365.0 10.000 490.0 16.300
366.0 15.800 492.0 16.300
367.0 15.900 494.0 16.300
368.0 15.900 496.0 16.300
369.0 15.900 496.0 18.300
370.0 15.900 500.o 16..300
372.0 15.900 505.0 16.300
374.0 15.90U 510.0 10.300
376.0 15.90u 515.o 18.300
378.0 15.900 52J.1 18.300
380.0 15.900


16..300
385.0 15.900 t--44).0 16.300
390.0 15.900 53D.0 18.300
395.0 15.900 :" • j 18.300
400.0 15.900 S55.a 18.300
405.0 15.900 5,00 16.400
410.0 15.400 5650 16.400
415.3 15.900 60'3.0 18.400
420..0 15.900


'73fEr onLinu%)4,4 frzST -
STuDY
.4LL i-E u,+14
P-sumr) wELL
Puki;IN1/2 47 .qu1A LF. 53262416
aTE OF icSf 7 8 79
,JOAPIN(.7 JIMIES
595.0 i-60.4
94D.0 rkuM
13.34.0 Fh;JM
1692.0 FNum
292.0 rw.um

0.0 nINS lj
90.0 'ANS 10:
	
140.0 ii 1U
	
210.0 lu
HRS TU
90.0 miAS
Inu.0 MINS
270.0 MINS
3t10.0 mIAS
45jeU
p4t67 sATtk LLvEL NUT r(ECONOLO
TIAE(MIN5) UHAWGurin(m) TAME(HINS) tmikro(J0N(m)
1.0 4.180 104.0 5.550
13.0 3.730 106.0 5.550


3.660 108.0 5.55u
5.0 3.590 110.0 5.620
6.0 3.590 115.0 5.620
7.0 3.59U 120.0 5.690
8.0 3.590 125.0 5.690
9.0 3.590 130.0 5.690
10.0 3.660 135.0 5.690
.12.0 3.660 140.0 5.760
14.0 3.66u 145.0 5.830
16.0 3.660 150.1 5.630
16.0 3.660 160.0 5.83u
20.0 3.130 110.0 6.900
25.0 3.730 180.0 5.900
30.0 3.730 Idiej 7./30
35.0 3.73u 182.0 7.600
40.0 3.730 183.0 7.600
45.0 3.730 144.0 7.'600
50.0 3.730 185.3 7.800
55.0 3.730 18:3.1 7.870
60.0 3.730 147.0 7.670
70.0 3.73U 148.0 7.870
60.0 3.730 149.0 7.870
.y0.6 13.730


7.9m0


5.480 192.1. 7.440


73.4d0 194.1 7.9mo
93.:1 D.410 140.0 7.940
• t.4iu 194.1 7.940
95.0 D.410 200.3 7.940
lt • 0 5.410 20,.3 7.-Y4U
91.0. 5.460 210.0 7.4/0
91.,) 5.480


7.940
94.0 5.460


7.940
L,0.0 5.48u 25.o 7.940
1,2.0 5..50 )4u.!) 7.940
(CONT1:4AU)
-ur<CE STour
ALL THE UMTA
STEH J"MAL,-)W-A TESr r)t.ii.iPEu+JELL
TIhE(mINS)
pv.4:1“Ukr
OroliNouim(m)
Auj2TAGriI0NCr.
TST
rI-c('AIN5)
53262418
7879.
Ur4aRDUL.14(m)
245.0 7.44u 350.0 9.700
24u.0 7.946 j6U.0 9.700
250.0 7.440 361.0 11.420
260.0 7.44U 362.0 11.180
270.0 7.940 36.3.0 11.110
271.u. 9.140 354.0 11.11u
272.0 4.140 365..0 11.110
273.0 9.070 366.0 11.110
274.0 9.140 367.0 11.110
2/5.0 4.140 368.0 11.110
276.0 9.140 369.0 11.110
277.0 9.350 370.0 11.110
278.0 9.420 3/2.0 11.110
279.0 9.420 374.0 11.110
250.0 9.490 376.0 11.110
202.0 4.560 378.0 11.110
264.0 9.620 380.0 11.110
266.0 9.620 365.0 11.180
288.0 4.62u 390.0 11.180
dV0.0 9.620 345.0 11.160
295.0 4.560 400.0 11.180
300.0 9.560 405.0 11.250
305.0 ndU 410.0 11.25u
310.0 4.556 4.Lb.0 11.250
315.0 4.020 42,3.0 11.250
320.0 9.620 430.0 11.320
325.0 4.620 440.0 11.320
330.0 4.020 450.0 11.320
340.0 4.700


srlfur
	
“LL DATA
CONSIMAi [Lir - rJor4t0 WELL
Pu,,e1,413AI tie bk ntE. z3d8241
,AIE ui= TEST 9 8
;-.0mHiNGffAIES (M**3/uAY) :
2052.0 UM u.0 4IN5 TO 14130.0 M15.
kEST *Afth
IlmE(miNS)
LLvELNofr<ECoHLo
0R34uu...!N(m)
o.220 •150.0
uk4WOUviN(m)
10.970
1.0 7.730


.165.0 10.620
1.5 106410


180.0 10.620
2 .0 10.640


195.0 10.620
2.5 1v.970


210.0 10.82O
3.0 11.180


225.0 10.620
3.5 11.180


240.0 10.620
4.0 11.18u


255.0 10.620
4.5 11.180


270.0 10.900
.0 11.110


265.0 10.900
6.0 11.040


300.0 10.900
7.0 10.1/270


315.0 10.900
8.0 10.970


330.0 10.900
9.0 10.970


345.0 10.900
10.0 1.J.97O


380.0 10.900
11.0 10.410


375.0 10.900
i2.0 10.970


390.0 10.90o
13.0 10.970


405.0 10.900
14.0 11.040 . 420.1 10.970
1.0 11.110


435.0 11.110
1.3.1u 11.110


450.0 11.110
I7.0 11.160 • 465.0 11.110
16.0 11.150


460.0 11.110
19.0 11.250


495.0 11.110
20.0 11.250


510.0 11.180
25.0 11.250


525.0 11.460
30.0 11.250


540.0 11.39u
35.J 11.32U


555.0 11.530
40.0 i1.320


570.0 11.001
45.0 11.390


585.0. 11.60G
50.0 11.390


600.0 11.506
56:0 11.390


615.0 11.360
50.0 11.340


630.0 11.60U
75.0 11.220


545.3 11.o0C,


i1.320


55u.0 11.ouU
10b.0 L.1.970


11.04u


iJ.970


5'4U.O 11.046
135.0 10.970


7US.i) 11.u4u
-c-Duij!-LE'51-ujT
,L1. Nit LATA
- PumtJtU wELL
0 "r 6iq10 Ati'. 527763_13
7
-7.7E Jr- Iasi' 10 79
kA.Es
1914.0 Fmum U.0 -'1N5 TC 143,-J.0 M1'45
iitST LtvEL rii-..CUmLJEU
r.HEti.11%5/. Tiv:L(AINS) URAAUtihr4(m)
.0 1..5e0 150.0 16.500
1.0 13.400 165.0 16.500
1.n


160.0 18.500
2.0 in.100 195.0 16.500
2.5 15.2Cu 210.0 16.500
3.0 17.1ify 225.0 16.500
3.5 16.200 240.0 16.500
4.0 16.40(1 Z55.0 16.500
4.5 15.4eu 270.0 16.50U
5.0 16.“A 265.0 16.600
6.0


300.0 16.500
7.0 15.5!)0 315.0 16.500
.b.0 16.500 330.0 16.50U


it.a)u 345.0 16.500
1o.0 16.500 360.0 18.500
1.1.0 iftt.n0U 375.0 18.-500
12.0 16.5OU 390.0 18.500
1.3.0


405.1 16.500
14.0 16.50 420.0 16.500
I5.0


435.0 16.60O
16.0 15.iju 450.0 16.600
11.0 16.400 465.0 18.600
16.0 15.300 460.0 16.600
15.0 I6.3u3 495.0 16.600
2/.0


510.0 16.600


- 1e.-0L 525.0 16.600
30.t,


18.600
35.0 12.4;:w 555.0 16.000
4o.0 • '70.0 18.600
=5.0


565.0 . 18.700


6u0.0 16.100


515.i 16.700
5u.6 L. -


18.70u
75.1) •


18.700


660.) 10./00
iu5•u


675..) 16./00


5JC- 590.0 16.600


Ato 7:15.0 16.600
(CONr1...u01 :57;w_if
ALL Frit UAIA


Pu•r,L113


vtd-id 1t57-rJur-0-4E0wtLL
13m1DrtE.3.et3e418
_ATEurft5T9879
IlME(MINS) i.0941wLJusN(o) ' vt.(...H8) rikA6.00..N(M)
720.0 11.u40


13tiu.0 10.7ou
735.0 11.040


1355.0 10.760
750.0 11.040


1380.0 10.760
755.0 11.040


1395.0 10.970
780.0 11.040


1410.0 10.970


16.'970


148.0 10.970
810.0 10.750


1440.'0 10.970
825.0 10.900


1470.D 10.97u
840.0 10.970


1500.° 10.900
855.0 11.040


1530.0 10.900
870.0 11.040


1550.0 10.1320
685.0 11.110


1590.0 10.900
900.0 11.11O


152u.0 10.570
915.0 11.1du


1580.0 11.040
930.0 11.180


1580.0 10.97u
945.0 11.110


•710.0 11.040
950.0 11.180


1740.0 11.110
975.0 11.940


17/0.0 11.110
996.0 11.110


1?00.0 10.900
1005.0 10.970


H30.0 11.110
1020.0 11.3,;0


1480.j 11.040
1035.0 11:53u


1890.0 11.040
1050.0 11.670


192u.o 11.u40
1085.0 11.5/U


1450.0 11.110
10bq.0 11.570


1980•0 10.900
1095:0 11.570


2flu.o 10.900
111u.0 11.670


2140.0 11.040
1125.0 11.570


2-J70.0 10.400
1140.0 11.5/G


3.0 11.040
1155.0 11.530


-2130.0 11.040
1170.0 11.530


2160.0 11.040
1165.0 11.500


21,90.0 11.040
1200.0 11.5.30


220.0 11.'140
1215.0 11.530


11.040
1233.0 lio4b!)


11.040
12.15.0



11.110
1280.0 11.bju


23-0.3


1215.0



11.11u
1890.0 11.3:7%,


1A.320


11.450


11.160
1320.0 11.480


11.32u
1335.0 11.04Q


11.320
STOuY
LL rot LJATA
L.,_brr r-fis;rct41.- Pum,JEJ ',ELL
linE(11NS)
HumP1.46Al
i.m.a.uvmum)
mot.:12fAUk10.4E:F.
LAIEuFVEsr
IlrocH1S)
n3262418
9a79
okA,004N(m)
2520.0 11.070 3780.0 11.040
2550.0 11.670 3610.J 11.040
25r5u. 11.:170 1 .!i40.0 11.040
<ft): 10.400 3A70.0 10.970
2tIfije0


11.040
2573.0 J.J./Q0 3-730.0 11.040
2700.0


3960.0 11.040
273:).0 10.4U0 3990•) 11.110
2760.0 10.90v 4)20.0 11.040
e790.0 10.900 4350.0 11.040
2820.0 10.900 4180.0 11.040
2850.0
ebbc1.0
2910.0
2,44:).0
10.900
10.910
10.900
10.900
4110.0
4140.0
4173.0
4;0').0
11.180
11.180
10.760
10.760
-2flt).0 10.370 423).0 10.900
3000.0 10.370 4250.0 10.970
3030.0 10.97U 4293.0 10.970
3060.0


43?0.0 10.970
3090.0 10.900


10.90031.e0.0 1q.900 41.50.0 10.900
41/20.0


4410.) 10.900
31d0.0


4443.1) 10.900
:Q10.0 1J.47U 4.70.1 10.970
3240.0 10.970 45:00.!) 10.900
3270.0 11.460 4530.0 10.970
3300.v 11.460 4560.0 10.970
4330.0 11.460 .45y0.0 10.970
336u.0 11.180


10.970
3390.0 11.040


10.970
342U.0 11.040
.0 10.970
4450.0 11 .040 471u.0 10.970
34!:50.0 10.900 4740.0 10.900
3510.0 11.040 4770.0 10.900
37:40.0 11.:340 4;;Oi.).7) 10.900
3570.0 11.(J40


10.900


4,400.) 10.900
Jr.:AU.0 1ij.470


10.900
360!).0 10.410
-7723.0 10.900
it/o.0 IJ.4I0


10.900
3/c1.0 .10.(i70 4;d0.o 10.900
37.3).A


5.;10.0 10.900
•(CuNfiNUtO) mcSuuet STo0Y
TrIEuArA
mL;ti ;ts-T- Pum.aEu wt.LL
TINE(MINS)
Pumr;1.,0
OkAA0u6\(m)
IGr(i0mcF.
OFItsi
63282418
9819
JR4wOuwN(m)
5040.0 1.2.900 (6420.0 10.760
5070.0 10.40U 6450.0 10.760
5100.0 11.110 6460.0 10.760
5130.0 11.040 6510.0 10.16U
5160.0 11.11U 6540.0 10.760
5190.0.


6570.0 10.760
5220.0 11.110 66000 10.760
5250.0 11.110 6630.0 10.760
5280.0 11.320 6660.0 10.760
5310.0 11.166 6640.0 10.900
5340.0 11.320 6720.0 10.900
5370.0 11.600 6750.0 10.900
5400.0 11.670 6780.0 10.160
5436.0 10.610 (610.0 10.760
54ou.0 10.470 684Q.0 10.760
5490.0 10.970 6870.0 11.q40
5520.0 10.540 6900.0 10.970
5550.0 10.760 69.a0.0 11.040
6560.0 10./60 6960.0 11.040
5610.0 10.5.4u 5910.g 11.040
5760.0 11.250 7Y20.0 11.040
5190.0 11.110 7050.0 11.116
5820.0 11.040 7o;.3u.o 11.040
5850.0 11.040 7110.o 11.110
5880.0 11•110 7140.o 10.970
6910.0 11.110 7170.0 10.640
5940.0 11.110 7200.0 10.540
5970.0 11.110 12J0.0 10.470
6000.0 11.110 7260.0 10.470
6030.0 11.32C 7290.0 10.470
6060.0 11.390 7320.0 10.540
6090.0 11.18U 7350.0 10.610
6120.0 11.39u 7360.0 10.760
P150.0 1J.540 7410.0 10.900
6160.0 lJ.400 7446.0 10.620
8210.0 10.470


oe40.0


7560.A 10.900
6270.0


Mi0. A 10.970
6300.0 1J.t90


10.-/ou
6 330.0 lu.t9u 7;90.C)


6360.0 1.J.e9u 752J.t, Au.97u
6390.0 1J./ou 7650.0 1U.970
(CUNT1H0t1u) fle-JumLc SIUDY
4LL THE uATA
CuNsrA,“ AaiE TEST - Hdlort) WELL
11HE(mir,S)
4iumPINLiAi
okAa60.4N(m)
6r1IJ r<Lr.
UALE tiF TEST
T1YL(A1NS1
5328e416
Li879
JrtAA304N(M)
7660.0 11.11u 8440.) 10.760
1710.0 11.11U 89/0.0 10.760
7740.0 11.32U 14000.3 10.760
(770.0 11.320 9030.0 11.040
7800.0 11.60U 9u60.0 11.040
/830.0 11.600 9090.0 11.110
7800.0 11.390 9120.0 11.040
7890.0 11.600 9150.0 10.970
7920.0 11.600 9180.0 11.320
79b0.0 11.670 9210.0 11.600
(960.0 11.600 9240.0 11.670
8010.0 11.740 9270.0 11.670
6040.0 11.740 9100.0 11.670
8u7u.0 11.670 ci330.0 11.740
8100.0 11.60u 9360.0 11./40
-43130.0 11.500 9396.0 11.460
6160.0 11.600 9420.0 11.040
6190.0 11.46U 945J.0 11.040
8220.0 11.040 9480.0 11.040
8250.0 10.970 9510.1 10.900
6260.0 10.970 9540.0 10.900
8310.0 11.040 9570.0 10.900
8340.0 10.970 9600.0 10.900
83/0.0 10.910 9s30.0 10.900
6400.0 11.040 9p760.0 10.900
6430.0 11.040 9690.0 10.160
6460.0 10.970 972J.0 11.640
849u.0 11.390 975).0 11040
8520.0 11.320 .;780.0 10.970
8556.0 11.110


10.970
81500.0 11.320 040.0 10.970
8610.0 11.110 9E10.0 10.970
6640.0 11.11U '900.0 10.970
8670.0 10.690 9430.0 11.040
6-tuu.0 16.690 9460.0 10.64u
8730.0 10."i00


10 •./00
8/011.0 :u.(00 10,20.0 10.90u
ri79.3.0 10.820 tu)5.7).) 10.57u
8t0.0 10.820 107:00.o 10.9/0
471t.tijetli 1).220 101ij.) 10.900
deitiv.0 10.820 10i4.3.0 10.900
p91').0 10.760


10.620
.(CONTIN0E07 STuLrY
(nE iJAI4
,,LTE TEST - rJUMEL) •tLL
flmE(MIN5) u!IA.AN(m)
67<i_;NEF.
L-ITE0!=TEST
53262418
t 1.4
JRaN00.04(m)
10200.0 10.oPu 11460.1 11.390
10230.0 10.820 11490.0 11.530
10260.0 :3.900 11520.1 10.900
10290.0 10.900 11550.0 10.900
10320.0 10.900 11560.0 10.900
10350.0 . 10.900 11610.0 10.900
10380.0 10.620 11640.0 10.620
10410.0 10.900 .116/0J 10.odU
10440.0 10.900 11700.1 10.1320
10470.0 10.900 11730.0 10.900
10500.0 10.900 11760.0 10.970
10530.0 10.970 11790.0 10.970
10560.0 11.110 11820.0 10.970
10590.0 11.040 11650.0 11.040
10620.0 11.040 113t0.0 10.970
10650.0 11.320 11910.0 11.040
10680.0 11.11u 11940.0 11.040
10710.0 41.110 11570.0 11.600
10740.0 11.110 12003...) 11.670
10770.0 11.340 12030.) 11.570
10600.0 11.32U 12060.0 11.670
10830.0 11.530 1209J.0 11.tou
10880.0 11.600 12120.) 11.740
10890.0 11.i10 12150.1 11./40
10920.0 11.040 121c0.0 11.670
10950.0 11.04u 1221.).0 11.670
10980.0 11.04U 12?40.0 11.040
11010.0 11.040 1;770.0 11.740
11040.0 11.040 12300.) 11.600
11070.0 11.04U -1233,0.) 11./40
11100.0 11.040 12363.) 11.740
11130.0 11.040


11.530
11160.0 11.040 1244-d0.0 11.530
11190.0 11.040 124t0.0 11.460
11220.0 11.040 1240.J.0 1.1.110
11250.0 11.040


61)
11260.0 11.110 12540.) 11.4f2“;
11310.0 11.1;0 12t1j.)


113411.0 li.140


11370.3


12t:1J..)


114u0.0 11.340 12tn.J.; 11.11.;
11430.0 ii.600 12t4J.0 11.046

CuoisrA,11 T:.5T-
bluof
u1
HumPt:!


p=1.);,PIN(3.AT .!'3,4c14,3k10 53262418



Ohim.5r 96 79
 1:.1ElmiN5) t.)-4A4ju,N(m)


i1-4!:.(m1N5) uk4.0o4g(m)
127)0.0 11.340


1'4440.0 10.97012150.3 11.110


13470.0 10.970
12700.0 11.320


11500.0 10.97o
12810.0 11.390


13530.0 11.04012640.0 11.390


13i60.0 11.04012or0.0 11.530


13-590.0 11%040
12900.0 11.600


13o0.0 11.040
12930.0 JA.971.1


13550:0 11.04u12960.0 10.900


13580.0 11.040
12990.0 10.900


13710.0 11.11013020.0 10.970


13740.0 11.530
130‘,.u.0 11.040


13710.0 11.600
13083.0 )0.970


13!i00.0 11.6001311o:0 10.970


1'4630.0 11.6701314.0.0 10.900


13P.60.0 11.670
13170.0 J.J.'47U


13690.0 11.670
13200.0 10.YOU


13920.0 11.670
13230.0 13.00


13450.0 11.740
13260.0 10.900


13960.0 11.07013290.0 1!).970


14310.0 11.60013:J20.3 10.7(.1


141)40.0 11.040
13330.0


14o7i180 11.04013361.0 lo.;70


14100.0 11.040
13410.0 1J.970


1413.J.0 10.c20
Srl,) 4ruu-4Cc Siuuf
Tmt uATA
C,11.61A-: 7t5T - CostdvATIUN wELL
0313:trie;1 6mIL: 532Y2418
puAPIk64Ci 3,4..: -.tr. 3320241d
OF Tcsr ed 7 79
PUMP1Nu RATES (M* 4 3/id4Y)
2052.0 FkuM U.0 mINS TO
kEST WATER.LEVEL NO1 kECUR9Eu


UkAwuUw:4(m) Timc.(%1IN5') uRAwD0wN(M)
.2 .005 15).0 .050
.3
.12o 165.0 .651
1.0
.225 18U.0
.651
1.5 .301 195.0 .652
2.0 .470 210.0 .652
2.5
.512 225.0
.053
4.0
.535 240.0
.653
3.5 .550 255.0
.654
4.0 .562 27y.0
.655
4.5 .572 2 d5.0 .656
5.0 .578 300.0 .657
7.0 597 315.0
.660
8.0 .603 33u.0 .000
9.0 .610


.062
10.0 .6ie "it9.0
.064
11.0 .615 3/5.0
.005
12.0 .61/ 39u.0 .60i
13.0 .020 405.0 067
14.0 .622
-20.0 .670
15.0 .623 435.0
.07 1
16.0 .623


.573
17.0 .624 4(15.0
.676
18.0 .627


.071
19.0 .626 4(45.0
.676
20.0 .629 510.0 .680
25.0 .632 525.0 .081
30.0 .634


.083
35.0 .636


.684
40.0 .636


.666
45.0 .639


.od6
50.0 .640
.1
.o69
55.0 .640


.3‘41
60.0 .641


.093
/5.0 .642


.096
105.0 .043


.390
120.0 .647


.397
145.0 .049 J .399
r-tSJ0-(C=sTutif
ALL fritjATA
LUNSTAI“ •(“ic TEST - JosbAVATIOn wr_LL
	
ubsEk4tu 4r :40w6r)A 6,60 kti-. 53292418
	
I;LiRe.11:4oAT mow4TA tir(10nr. 53282418
TIME(mINS) De44.4UUwN(m)


LjATEuiTLST
11PE(h1,46)
28 779
URAWDUWN(M)
705.0 .698


1320.0 .744
/20.0 .700


1335.0 8 1444
735.0 .700


135u.0 .R0
150.0 .701


1365.0 .752
765.0 .702


1386..) .752
780.0 .1u2


1395;0 .753
795.0 .702


1410.0 .752
810.0 .102


1425.0 .752
825.0 .702


1440.0 .752
640.0 .702


14/0.0 .752
855.0 .699


1500.0 .750
870.0 .700


153J.0 .748
885.0 .702


1550.0 .746
900.0 .703 • 1590.0 .742
915.0 .703


1620.0 .740
930.0 .704


1550.0 .738
945.0 .702


1580.0 .135
960.0 .704


1710.0 .730
975.0 .705


1740.0 .730
99.;.0 .708


17/3.0 .730
1005.0 .107


1800.0 .730
10c0.0 .705


1830.0 .730
1035.0 .708


1860.0 .732
1050.0 .709


1890.0 .734
1065.0 .704


1920.0 .734
1060.0 .7u5


1950.0 .736
1095.0 .709


1480.0 .743
1110.0 .715


2010.3 .744
1125.0 .719


2J40.0 .749
1140.0 .718


2070.0 .752
1155.0 .724


2100.0 .156
11(0.0 .725


2133.0 .156
11,;5•J .724


210'390 .156


.72/


.756
121S.0 ./PS


22,•) .755
1230.0 .732


2;n0.0 .753
L24S.,) .132


2;8;.1 .784
125,0.0 .734


231i.0 .152
1215.0 .731


;34o.0 .1hu
1290.0 •


2'a ,754
.1305..0 .742


24J3...) .755
(CONFINUtu)
STuoY
:4LL idE umlA
7: T:ST - joS:kVAilUi4 NELL
._04‘.•nV.:;)-r 5329o418
T1ME(MIN5) Ult4.1ut01N(M)
"(ruizim 6,-U0
TEuitsi
iiM:(miNS)
D32oe418
28779
101-61w00wN(M)
2430.0 .763 37130.0 .784
2460.0 .7h4 3780.0 .782
2490.0 .7oo 36i0.0
.7802523.0 .168
"40.0 .776
2550.0' .764 3:3/0.0
.778
2580.0 .104 3,400:0 .777
2700.0 .767 3430.0 .773
2730.0 .7/1 396040 .17a.2760.0 .773 39Q0.0 .779
2790.0 .778 4620.0
.764
2620.0 .781 4050.0 .766
2850.0 .7eh 4080.0
.792
2880.0 .762 4110.0 .793
2910.0 .780 4140.0
.798
2940.0 .760 4170.0 805
29/0.0 .775 4200.)
.808
3000.0 .723 4230.0 311
3030.0 .770 4260.) 813
3060.0 .767 42g0.-)
.813
3090.0
.766 4320.1 .813
3120.0 .763 430.0 .808
3150.0 .760 4380.1 .804
3160.0 750 4410.0
. .d01
.3210.0 .750 4440.C1
.600
3240.0 .757 4470.3
.797
32(0.0 .757


.794
3300.0 .759 4530.° .191
3330.0 .755
. 4573.3 /84
3360.0 .75o 4590.0 .783
3390.0 .773 452,1.0 .7e11
3420.0 .775 4550.)


340.0
.776 46d0.0 .181
3480.0 .7d2 471].') .7S2
3510.0 .785 4740.')
.7hd
4548.0 .767 ,7/i.0 .7?rt
3570.0 .7d9 ..;100.7) •
3600.0


./43
3630.0 .791
.ho0.5 .7=j4
3660.0 /89 4r/c.)
./46
3690.0 .78/


./.7/8
3720.0 .786
-.45C;aj .,00
STuuY
ALL T8E O4TA
ft5T - ')0SL-gv:iTluo, aELL
	
UriSEKVELi 411 !,u44 GNI!) rEF. 32L32418
	
Ar ,-‘31/4,IdTAuodD k:F. 53200.16
fIvE(m1NS) OkAwliOwN(m)
uATE OFTEST
TimE(mANS)
25 7 74
URAw0OwN(M)
4 4b0.0 .606 6210.0 .617
50i0.0 .008 6;40.0 .016
5049.0 .612 6270.0
.024
507u.0 .813 6300.o 825
5100.0 813 6330.0
.628
5130.0
.61e 7140.0 .842
5100.0 .609 717u.0
.044
5190.0 .602 7440.0 ,621
5220.0 .806 7470.0
.620
5250.0 .806 7500.0
.617
5c00.0 .607 7530.0 .817
5310.0 .607 1560.0 .818
0340.0 .803 7590.0
.818
-5370.0 .804 762U.0 .620
5400.0 .805 7650.0
.624
5430.0 .00/ 7680.0 .83U
5460.0 .810 771u.0 .831
540.0 .811 7740,0 .831
5520.0 .815 7770.0 .633
5560.0 .617 760u.o .640
5560.0 .019 7430.0 .641
561u.0 .816 /660.4) .044
5640.0 .822 7890.0 .045
5670.0 .62S 720.0 .645
5/00.0 .820 7c50.0 .646
5730.0 .827 7980.0 .848
576.).0 .823 8010.0 .a5U
5740.0 ..923 6040.0 .548,
5820.0 .822 5070.0 .649
5650.0 .820 6100.0 .647
5880.0 .elb 8130.0 .647
5910.0 .617 8100.0 .844
5940.0 .815


.444
5970.0 .602 220.0 44-4
tu00.0 .805


042
pui0.0 .002 !3260.) .040
ti060.0 .603 8310.0 .043
nO/O.0 .600 834u.0 .444
612J.0 .010 8370.1 .040
6150.0 .616 6400.J .647
6100.0 .817 6430.0 .445
(CONTINJCJ) rcrS,,4Ct Ski 07
:LL IHE ukTA
c.J.,457;isSi
- !Jo5:8947'1Ln+ LL
j05r:;-.vsu -61 Gk:u. mr.E.04292418
rIMEIMINS)
"I
Um4AuOok(M)
Lfr.
rESI
1.14.t(igAS)
S3202416
287IC
UN4.40OWN(A)
8460.0 .848 9330.0 .d49
8490.0 .850 9360.0 .050
6520.0 .606 9390.0


8550.0. .658 9420.0 .049
8940.0 .822 9450.,0 .850
8970.0 .821 94d0.D .048
9000.0 820 9510.0


9030.0 .819 9540.0 .642
90:30.0 .619


.042
90(.00.0 .82U ')50.).0 .834
9090.0 .623 9^130.0 .838
91eu.o .82d 9060.0
.836
9170.0 .829 94)40.0 041
-9100.0 .830 9720.0 .842
9210.0 .837 9750.0 .040
9240.0 .843 9/80.0 .047
9270.0 .844 C610.0 .047
9300.0 .846


--is3:570U'Kc.5uu-LE5TuuT
ALL Nit UATA
HAiE fcSi J8SEnvAFION *ELL
	
unsc-iv&J 4r mujer'M jrJiJ rrjF. 5329241d
	
pumpiN, AF rihCjA Ur<1° AIEF. 53262418
L;41E 01; TtsT 9 0 I;
pumPIN:o ;44FES(m**3/uAr):
cu52.J rHuMki.0MINS TO 1416U.0MINS
,IE57NATLk LEvEL NOT WELOkuEU
IIME(14045)UkamUu4No41 I1m,c(M1N§) ORAI_WwN(m)
.5 .223 135.0 .670
1.0 .319 150.0 .673
1.5 .435 165.0 .671
2.0 .519 150.0 .671
2.5 .557 195.0 .670
3.0 .583 210.0 .671
3.5 .604 225.0 .6•1
4.0 .611 240.0 .673
4.5 .-616 ei5.0 .675
5.0 .625 2/0.0 .67d
5.0 .6,?5 285.0 .681
7.0 .635 300.0 .683
a.0 .040 315.0 .686
4.0 .644 330.0 .691
10.0 .646 345.0 .694
11.0 .649 300.0 .695
12.0 .662 375.0 .697
14.0 .664 390.0 .700
14.0 .655 4u5.0 .703
15.0 .656 420.0 .704
16.0 .658 435.0 .106
17.0 .059 450.0 .707
1H.0 .660 465.0 .71u
19.0 .651 430.0 .713
e0.0 .662 495.0 .715
25.0 .664 510.0 .717
.30.0 .666 525.0 ./21
35.0 v66/ )40.0 .724
Au.0 •Sod 556.0 ./.26
45.0 .&69 'D70.0 .728
5U.0 .bo9


./31
5.0 .57V &,00.0 .733
o0.0 .666 015.0 .740
/5.0 .668


.741
9u.0 .666


.740
1u5.0 .666 6n0.0 .740
125.3 .66/ 515.0 .141
(L)NfINticu) Sr1L),-10uUrfLi-LSTu:rt
4LL NitJATA
Luvf./.; Pt=la - OcSco(yAilUN mtLL
thiSErlytti.arb..<11) 6Er.53292418
pur.81;46 'CAIA (RID r.38024i6
11ME(MIN5) ukA4ouwN(m)
7t vr Tt5T
i.vc.(/INS)
9879
uRAwDu*N(M)
690.0 .742 1320.0 .781
705.0 .743 1335.0 .7Si
720.0 .743 13.50.j .761
735.0• .743 1365.0 .781
/50.0 .742 1360.0 .180
765.0 .141 .1357.0 .780
700.0 .741 1410.0 .779
795.0 .738 1425.0 .776
810.0 .73/ 1‘40.0 .775
825.0 .737 1470.0 .170
840.0 .736 1500.0 .767
855.0 .735 153u.0 .765
870.0 .737 1560.0 .76.5
885.0 .736 1590.0 .769
900.0 .739 15dU.0 .770
915.0 .740 165u.0 .771
930.0 .741 1670.0 .770
945.0 .741 1710.0 .770
960.0 .74e 1740.0 .771
975.0 .742 1770.0 .772
990.0 .746 1800.0 .773
1005.0 .I4I 1430.0 .775
1020.0 .751 1860.0 .776
1035.0 .75u 1890.0 .783
1050.0


1420.9 .787
1065.0 .?58 F470.0 ..78g
1080.0 .756


.791
1095.0 .761 2U1J.0 .793
1110.0 .761 2340.0 .796
1125.0 .765 2u70.0 .79t
1140.0 .764 2100.0 .798
1155.0
1170.0
.774
.772
2:30.0
eitu.0
.797
.799
1200.0 .775


.t/7
1215.0 .777 i2do.0


1230.0
1845.0
.775
.I7o 2,420.) .(-01
1200.0
1275.0
.177
.779
2.31j.J
j34J.0
.787
.780:
1290.0 .78J 7:370.0


1305.0 .76U 2-3J.0 .756
.tioL)15r1L)r<t.7ULA-L: SrouY
ALL I!It UA TA
CuNr404i rc.4ft IEST U65cKvi-liON
	
onSEAvtO AT (,r11) HEE'. 54292418
	
i-'uf-'81N13AT iIUTM GH1D kEr.. 53282418
ilmE1MINS) ide4A4UUwN(('I)


LJAIEorrttir
flmt(mINS)
1 974
UKAraWviN(M)
24300 .790 • 3560.0 .829
2400.0 048


3o900 .1328
2490.0 .790


3720.0 .628
2520.0 .799


3750.0 826
2553.0 .806


37800 .626
25600 .807


.3810.0 627
2010.0 .814


3840.0 .828
2040.0 .821


3870.0 .629
2670.0 .621


3900.0 .626
2700.0 .o22


3930.0 .826
21300 .625


3900.0 .637
2100.0 .625


3990.0 .038
2 /900 .82


4020.0 .641


.823


4050.0 .645
2380.0 .620


4080.0 .64A
2660.0 .615


4110.0 .655
2910.0 .813


4140.0 .856
2940.0 .800


41(0.0 .855
2970.0 .803


420J.0 .655
J0000 .801


4230.0 .050
3030.0
3J00.0
.797
./96


4200.0
4290.0
.645
.043
3090.0 .795


4320.0 .638
3120.0 .795


4350.0 .634
.3150.0 .190


4383.0 .833
J160.9 .802 • 4413.0 .831
3210.0 .797


4440.0 .628
3240.0 .606


447U.0 .o25
32/00 .802


AiOU.0 .826
J300.0 .603


4530.0 .025
3330.0 .615


4560.0 .o26
,3300.0 .818


A5=/0.0 .625
.5390.0 .c2u


4020.0 .624
3420.(3 .823


45tv.0- .a27
341).t.) .c2o


AinTu.t1


JAnJ.0 .831


4 71:).0 .334
iS i11•0 ./132


474u,i) .641
ii4O.0 .033


47 7L •
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105/.0 fkum mi:45 T i135.0 (-16
Rt5T w4TER Lc.VEL
TIME(miN5) .
.5
1.0
1.5
2.j
2.5
'3.0
3.5
4.0
4.5
5.0
t.0
7.0
6.0
' 9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
25.0
30.0
35.0
4n.0
45.0
50.0
55.0
o.J.0
75.0
./3.0
105.0
120.0
1j5.ti

liar•CM)
9.280
0.470
5.200
5.130
5.130
.200
.3.200
6.)00
5.200
5.2au
5.200
5.2u0
i.euu
D.cou
5.2Ju
3.20u
3.200
5.20u
5.20u
5.200
3.276
5.27(j
5.27U
3.27j
5.27u
5.--,
•

Ti.a.Lip45)•
150.0
1935.0
180.0
195.0
210.0
225.0
740.0
255.0
/0.0
2s3.0
300.0
330.1
:45.0
ioo.J
3/5..0
390.0
4b)o..)
4;45.0
510.n
523.0
e4u.0
in•D.0
:7 J.
:77:5•
7r:Oos)
573.1
7jZo)
,JHAwl:WeiN(M)
5.410
5.410
5.410
5.410
5.410
5.410
5.410
5.410
5.410
5.480
5.480
5.480
5.480
5.480
3.480
5.480
5.480
5.4mu
5.550
n.7i50
5.550
3.550
5.550
5.550
5.550
5.550
5.550
5.553
5.550
3.35o
5.55u
Do:7,Q
5.553
3.550
-1L) Siour
.LL 17c UATm
7-ic 'LSI - r;,;41.)ED


Pu!, =i.i0 ATp.-Er..54442455
L;AIE rEsr 19 27'9
Tic-E(MlkS) ..pi‘,ILLAAAN) fiJcL,11-451 JkAwD(JwN(m)
740.3 o.:50 1350.0 5.55j.
735.0 5.550 1365.0 5.620
750.0 5.550 1300.0 5.620
7n5.0 De"U 1375.0 5.620
760.0 5.520 1410.0 5.620
7‘.5.0 5.52u 1425.0 5.620
oto.J 5.620 1440.0 5.620
Od5.0 5.52v 1455:0 5.620
840.0 5.620 1465.0 5.620
555.0 5.;40 1515.0 5.620
80.0 5.590 1545.0 5.690
835.0 5.62J 1575.J 5.760
9)0.0 .o2k) 1605.0 5.7,50
;i5.0 5.620 1535.0 5.750
'730.0 S.760 1605.0 5.75U
g45.0 5.620 1695.0 5.760
coo.° 5.odu 1725.0 5.760


5.520 1755.0 5.76U
L.40.0 5.550 1755.0 5.760
1005.0 5.55U 1515.0 .5.760
1e20.0 3.250 1345.0 5.760
1U35.0 5.260


5.760
1050.0 5.925u 1;05.0 5.630
1005.0 5.26u 1935.0 5.630
IU60.0 5.35U 1965.0 5.160
1095.0 5.250 1;95.0 5.750
111u.0 5.550 2025.0 b.7(Du
1125.J 5.430


5.You
likU.0 5.46u 2055.0 5.-63o
i155.0


2115.0 5.630
11/0.0 5.460 2145.0 5.75u
1125.0 5.480 2175.0 5.760
12ou.O 5.55U 2205.J 5.760
1215.0 3.550 2235.0 5.630
123,;.0 5.550 d205.J 5.'00
13-5.0 5.550


5.900
1254.0 5.55J 2225.0 5.03u
le75.J 5.53u 2355.J 5.63u


t..750


n.r,3u


7.t2u


5.740


2-45.0


Fijn.;) 5.1150


S./ou
(CuN11,4ur_6; ).Jr‹t TuOT
FnE J.1A
ry-1: 7a:t - HUEOJtj)acid.
r[mE(miN5)
•0 -mf.
E oFT,i
TH'i(1.1)
54442455
19279
L:imAwCuor.1:.1)
2505.0 5.630 4Ef75•U 5.890
2533.0 A.90C 4125.0 S.(790
2895.0 5.520 4155.O 5.o90
,292o.0 5.520 41:"5.0 n.590
2955.0 5.620 4215.O 5.590
2985.0. 6.52U 4;45.0 5.090
3015.0 .3.526 4 275.0 5.750
3045.0 5.620 4305:0 5.760
3075.0 5.550 .335.0 5.750
3105.0 5.760 4365.n 5.760
3135.0 5.760 4395.0 5.750
3165.0 5.750 4.25.0 5.750
3195.0 5.620 4455.0 5.750
3225.0 6.750 4465.0 5.760
3255.0 5.760 4515.0 5.160
3265.0 5.76t, 454,.0 5.750
3315.0 5.76U 4575.0 5.r60
3345.0 5.760 4505.0 5.760
3375.0 5.760 45.35.0 n.760
3405.0


4556.0 5./60
3435.0 5.620 '4595.0 5.330
3465.0 6.62 4725.0 5.030
3495.0 5.760 4N:b.° 5.750
3525.0 5.75G 4785.0 n.750
3555.0 5.75o 4fl.n.0 5.760
3585.0 5.760 4-,(45.a 5./50
3615.0 6.750 4-475.0 5.750
3645.0 5.75U 44e5.0 5.750
3575.0 3.75u 4935.0 5.750
3705.0 5.0=0 .466.0 n.330
3735.0 5.52L 4;95.o n.530
3765.0 5.750 5u25.3 5.830
3795.0 5.16U 5155.0 n.750
3825.0 5.760


3855.0 n.760 51.15.3 n.n3u
3885.0 5.52C


:).(13U
3915.0


ti/5.) n.d3O
3945.0


n.90u
3975.0 5.r:4U 7.235.) n.90i)
40Ut.0


n.c3J
4035.0 -11.h4U =2,7,1 n.70o
4Ub5.0


:325.0 n.9u0
JL 6TouY
-:LL 17: Arm
cu.thimAr r4 Iz 11-15r- F-L-s#Ej stLL
PU"i=ini AT n44.2455•
it Jfr Tcbr 2 74


•OrL14i:6-0.(o) L-1,4S) L);L'...43U0N(M)
5i55.0 5.63u 6615.0 6.630
6365.0 b.7b0 6645.J 5.900
D415.0 5.976 tt75.G 5.900
5445.0


0/05.0 5.900
5475.0 5.d30 e735.0 5.90O
65u5.0 5.760 ;1765.0 b.900
55_55.0 6.630 57-45.0 5.900
,n65.0 n.8.30 6m25:0 5.900
ne45.0 6.e.30 Oybp•-1 5.900


5.630 Or555.0 5.900
5655.0 scy'UO


5.760
56nb.,1 5.630
.594S.0 5.760
b7ib.0 b.63U 6;75.) 5.760
6745.0 5.760 700n.0 5.7o0
5715.0 5.760 73D •I) 5.630
6605.0 5.f.)30 1u65.0 5.76o
b6j75.0 5.900 7095.0 5.760
5ist6.0 5.900 712S.) 5.76U
thd9S.0 b.630 71/25.0 5.760


5.760 7166.3 5.630


5.90U 721'3.1 5.630
6965.0 n.760 7245rJ 5.630
6016.0 5.760 7275.0 5.630


5.76u 7iob.3 0.630
oji5.0 b./60 /333.0 5.760
01US.0 6.830 7166.0 b./6U


6.760- 7395.0 5.760


b.766 74c5.0 5.760
6.1-57;.0 6.r3U 7455.0 5.760
e225.0 D.900


5.760
6?A5.0 6.900 7515.0 5.030
62&).0 5.830 7645.0 5.900
o31D.0 nsd3u 1575.0 5./60
6345.0


7605.0 5.760
6375.0 5.:230 763b.(1 b.760


i.36 7g7n5.J 5.760
04j7.J 5.9u0 76975.i



77c5.-.)


s -c •Li


6.o30
6527.0 5.400 77J5.) n.ISU
tinb7..0


7-316.) ;./53
55=5.0 :.,UV


5.750
N;U;NiiNUtU) 5Tuur
FHE OATA
rlsT - rJumptu
111E(MjivS)



544424m5
19 279
jr.tAduUNlm)
.7815.0 5.760


835.0 6.900
7905.0


3565.0 5.630
7935.0 5.83u


'4695.0 5.9oo
'7905.0 3.e3u


8625.0


7995.0 5.90U


5,155.0 5.900
6025.0. 5.63u


-1t66.0 5.900
8055.0 8.9uU


8715.0 6.900
6085.0 5.7tu


8745C) 5.830
8115.0 5.760


8775.0 6.760
6145.0 5.76u


a805.0 5./60
10175.0 5.76U


5;35.0 5.760
6205.0 6.230


8565.0 5./60
6235.0 5.836


8F9S.0 5.830
8265.0 5.900


8426.0 5./bu
0295.0 5.900


8955.0 5.760
8325.0 5.900


6165.0 5.760
6355.0 5.630


5./60
6385.0 6.900


4045.0 5.760
8415.0 8.90u .
• 9375.0 5.760
8445.0 5.90U


9105.0 5./60
b475.0 6.83u


91.45..0 5.760
8505.0 5.9JU



v_4,,13r10r(E5ju'-(CESTUUT
L[LL H. JATA
C JHSIJANi t Tt5f - Put"Pclj6ELL
Pup!r)i, 6 AT NEr. 54442455
L./LIEuF TEST dl 2 /9
9,01PIN3KalE5(.14 * 11).:Y):
105o.0Frcum0.0miN5TO147u.0m.P;5
1-551TtLL9CLiNuT-iECuHOEU
UHL:MINS)0kAauU9N(m)
9.490
r1mE(mIN5).
150.0
LikAnUtifiN(m)
5.090
1.0 5.040 165.0 5.690
1.5 5.520 160.0 5.090
2.0 5.620 195.0 5.690
2.5 5.6e0 210.0 5.690
j.0 6.620 225.0 5.690
3.5 5.620 240.0 5.690
4.0 5.620 255.0 5.760
-.5 5.690 210.0 5.760
5.J 5.690 .285.0 5.690
e.0 5.690 300.0 5.690
7.0 5.69U 315.0 5.090
6.0 5.760 330.0 5.620
.U 5.760 345.0 5.090
10.0 5.750 350.0 5.090
11.0 5.690 375..0 5.690
le.J 5.690 390.0 5.590
13.0 5.59u 405.0 5.690
14.0 5.700 42J.0 5.640
15.0 0.70U 435.J 5.090
10.0 0.700 450.0 5./00
17.0 5.760 465.0 5.150


18.0 480.0 S./00
19.0 5.750 495.0 5./60
20.0 5.760 510.0 5.760
25.0 5.690 525.0 5.760
.30.0 5.690 540.0 5.760
35.0 5.590 555.0 5./60
40.0 5.690 570.0 5.760
45.0 5.590 505.0 5.760
5).0 n.590 600.0. 5./60
5"..0 5.590 515.3 5.750


t.t40 630.0 5./su
(b.0


645.0 5.750
90.0 5.590 553.0 5./5u
10=.0 5.5,9u 5/5.0 5.760
120.0 5.690 690.0 5.700
135.0 5.550 705.0 5.760
- tE-JunCE STO•
OaTA
- AELL
PurAPIku AT 54442455
3; TEST 27 2 79
(CONTINUED)
rIMEIMIN5)
72o.0
735.0
750.0
765.0
780.0
795.0
810.0 •
825.0
840.0
855.0
870.0
885.0
900.0
915.0
930.0
945.1
960.0
975.0
990.0
1005.0
1020.0
1035.0
1050.0
1085.0
1060.0
1095.0 

UP(A.,DuwN(A)
5.76U
5.760
5.76U
.5.760
5.760
5.76U
5.76U
5.76U
5.760
5.760
5.760
5.760
5.760
5.760
5.76U
5.760
5.760
5.760
5.76u
5.630
5 .630
5.030
5.760
n.76U
5./60
TI-dhAmIN5)
1110.0
1125.0
1140.0
1155...)
117‘0.0
1165.3
1200.0
1215.?
1240.0
1245.0
1260.0
1275.0
1290.0
1305.d
1 1'0.0
1350.0
1365.0
1360.6
1395.0
141ing
1425.0
1440.J
1470.3
ukAwDOwN(M)
5.760
5.760
5.760
5.760
5.c$30
5./60
5.760
5.630
5.760
5.760
5.760
5.760
5.760
5.760
5.760
5.760
5.760
5./6o
5.760
5.d30
5.900
5.d00
5.760
5.76U
-'.uubl510 nESuLP<E STUDY
'ALL inE OATA
L0JarAimi “E rsr - Pumi.JE9 wELL
1.)Umrli'i6AI kth, 7444245
JafE oF TE51 7 12 /9
;:mrE5 (H:E93/u.()
1440.0 Fr-Wre. 0.0 ro 2490.0
rtE5T hATER LtVEL IN01 1-0-.CuRbtO
TlmE(miS)UkAriwi.N(m)71frtf,11N5) UNAWOU4N(M)
.5 8.800 225.0 8.900
1.0 h./00 240.,0 8.900
1.5 9.000 255.0 8.900
2.0 6.400
8.500
270.0 8.900
2.5


285.0 8.900
.3.0 7.'400 300.0 8.900
3.5 h.200 315.11 8.900
4.0 0.600 330.0 6.930
4.. ho°00 3400 8.900
•5.0 8.h00 360.0 8.'400
6.0 8.700 375.0 8.900
7.0 8.700 390.0 6.900
D• 0 D.700 405.0 8.900
. 9.0 6.700 420.0 8.900
10.0 8.700 435.0 8.900
i2.0 8.700 450.0 8.900
16.0 8.700 485.0 6.900
ifi.11 '1.100 4,30.0 9.000
18.0 6.700 4g5.0 9.000
CO.0 8.700 510.0 9.000
25.0 8.700 525.0 9.000
30.0 6.600 540.0 9.000
35.0 a.doo 555.0 9.000
90.0 6.800 510.0 9.000
49.0 6.600 565.0 9.000
5J.0 8.800 600.0 9.000
55.0 8.200 615.0 9.000
80.0 8.600 630.0 9.000


8.800 645.0 9.000
90.0 8.800 660.0 9.000
10D.0


h.800 9.000
.120.0 8.200 690.1 9,000
1J5.0 8.800 7J5.0 9.000
150.0 6.600 720.0 9.000
A65.0 n.800 735.0 9.000
1!:..0.0 0.900 750.0 9.000
195.0 -I.90J 765.0 9.000
210.0 6,900 780.0 9.000
(CONfiNuLU)
-,tuorw.ctSiu:j1
IIME(N1NS)
Cu14:n
dumr.:1A.0
Omgwisu4Nool
	
2.LL L.:JAM
- I-JumoLD.o-LL
,Jpc13rc.fr. 5444d4n5
rau=T.517127'


795.0 9.00u 13;5.0 9.100


810.0 9.000 1410.0 4.100


825.0 9.00u 1425.0 9.100


840.0 9.000


9.000


855.0 4.000 14(o.1 9.100


870.0 . 9.000 1e00.1 9.000


885.0 9.0u0 1530.0 9.000


900.0 9.000 1560..0 9.100


915.0 9.000 1590.0 9.100


930.0


1620.1 9.000


945.0 4.00U 1;550.0 9.100


960.0 9.000 1tdu.0 9.100


975.0 4.000 1710.0 9.100


990.0 Y.000 1740.9 9.100


1005.0 4.000 1770.5 9.100


1020.0 4.000 1d0!).1 9.100


1035.0 4.000 1t3t).3


1050.0 4.000 lmo0.3 9.1UO


1065.0 4.000 119J.0 9.100


1060.0 4.000


9.100


1095.0 9.000 1.450..0 9.100


1110.0 9.000 14tivi.J 4.100


1125.0 9.000 d313.0 9.100


1143.0 9.030


4.100
• 1155.0 4.000 2-310..) 9.100


1170.0 9.000 210).0 9.100


1185.0 4.000 213.j.0 9.100


1200.0 9.00U 216'3.0 9.100


1215.0 4.090


9.100


1230.0 4.00U 222).3 4.100


1245.0 9.000 2253.0 9.100


1260.0 9.000 2280.1 9.100


1275.0 4.000 2110.0 9.100


1290.0 4.000 234J.0 9.100


1305.0 9.010 :=7;7J.) 9.100


1320.0 -;.0Ju


9.100


1335.3 '.000


4.lon


1150.0 7.J1u


3.100


..liu 7 .4C.J .4.100


13d0.0 , .100


-•L:JDI:HOH'Suu-.CE 6TuDY
ALL frIEwAIA
TA4I ,:AIE TEST - 0156cr(vAlION SELL
u...iSErLiEuAT 6oit) 54442456
	
Af rij.3r 3r.f1Dhti'. 74442475
UCIFE OF TEST 19 2 79
PUMPIN6 1;AlES (A**3/DAY) :
1057.3 1-8uq ,11i4S10 9135.0
4E57 sATL8 LEVEL N01 8ECUHDEJ
71mE(:.!INS) ukAwDuaN(M) TImL(‘IINS) ukAwOuom(m)
.2
.019 90.0 .361
.3
.099 105.0
.324
.7
.223 120.0 .328
1.0 .279 135.0 .335
1.3 .269 150.0 .339
1.7 .252 165.0 .345
2.0 .246 lo0.0 .449
2.5 .245 195.0 .354
3.0 .246 210•0 .357
3.5 .247 225.0 .362


.251 240.0 .Jbe
'4.5 .252 255.0 .361
n.0 .7c4 276.0 .370
b.0 .)57 265.0
.372
7.0
.260 300.0 .375
mit) .263 315.0 .478
9.0 .265 330.0 .362
10.0 .266 345.0
.363
11.0 .26o 350.0 .384
12.0
.269 375.0
.386
13.0 .27U 390.0. .388


.271 405.0
.386
;5.0 .272 420.0
.386
16.0 .274 435.0
.386
17.0 .275 45U.0 .367
16.0 .276 465.0 .387
14.0 .277 4o0.0
.366
du.Ll .278 495.0 . .344
25.0 .261 51‘).0


5:0.0 .;i5 :72e).0 .342


.efio :4J•0
.494


.242


.396
43.) .246 570.0 .39d
•3 .297 5:55.0 .401


.301 nuu•O .403
50'.0 .302 017.0 .406
76.0 .312 630.0 .406
i e LINTIAiu : J ) SiLA,Y
..LL Inc. umi4
1:7-27 oz,v;,T1uN A.FLL
rIMEAMINS)
06,6:mw71. -;
ugAvitAiwN(m)
tiA109Ci-.
fc16-1
1.-L(AlAs)
3:444e4Dn
54442455
1g.79
OHAALWAN(m)
(045.0 .409 1>no.0 399
666.0 .411 1275.0 .397
675.0 .414 129J.0 .399
690.0. .415 130i.o .400
705.0 .410 1.32.,lin .400
720.0 .419 133b:o .399
735.0 .420 1350.0 .400
750.0 .422 1355.0 .402
765.0 .425 1360.0 .404
780.0 427 1345.0 .404
795.0 .426 1410.0 .404
81.0.0 .42d 1425.0 .409
825.0 .437 1440.0 .409
840).0 442 1455.0 .403
855.0 .433 1465.0 434
870.0 .433 1645.0 .426
985.0 .449 1575.0 .427
400.0 .449 16u5.0 .424
;016.0
.450 1635.) .441
930.0 .451 1645.0 .449
945.0 .452 1725.1 .451
960.0 .45C 1755.0 453
975.0 4;31 1/5.1 .451
990.0 .45C 1115.0 .453
lOub.0


144.0 .453
1020.0 • 1673.0 .453
1035.0 .440 1;06.0 .452
1050.0 .440 1435.0 .451
1055.0 .44C 1465.1 .452
1060.0 .430 1446.0 .454
1095.0 .434


.46;5
1110.0 .432


.454
1125.0 .426


1140.0 .427


.462
1156.0



1170.0 .41b


site)
1105.0 .417. ;juts.)


120U.0 .4i4 2'27.1


1215.0


22',;54.1


123u.0 .467 2245.,? .460
1246.0 .403 2325.1 .4-46
re.6 u9CE 5Tu1dY
ALL int uATA
CuN5i4-,fl iEST OoSc4v4[10N wELL


u6S2rigto AT
Af
6k1u
Lir<13 14EF.
ualEuhrTtSi
54442456
n4442455
19 2 79
11:,;(+1Fi5) OH4NI.A
.: 41-
 Al


1-1Mt(mIN5) UKAw0OWN(M)
2J56.0 .497


i6o5.0 .480
2365.0 .4'46


3516.0 .489
2415.0 .499


3646.0 .493
2445.0 .497


3616.0 .502
2476.0 .496


37u5.0 .502
tnun.0 .496


3135J 509
25.35.0 .495


3765.0
.512
2565.0 .461


1 795.0
.513
2545.0 .462


362n.C) 513
2626.0 .456


3r355.0
.513
2655.0 .446


3.1.6n.o .514
2665.0 .436


JVin.0 .514
;716.0 .430


3445.1
.505
2745.0 .424


39in.0 .497
-,!776.0 .426


4005.0
.492
2n65.0 .42/


4035.0 .4S6
2835.0 .43U


4y15.0 .460
2865.0 .435


419n.0 .474
2895.0 .459


4125.0 .469


.46/


4155.0 .465
2955.0 .472


41c03.0. .463
2966.0 .4/2


4R1S.0 .454
361S.0 .473


4245.0 4 54
JU4n.0 .477


4275.0 456
.3077.0 .464


4305.0 .41)8
3105.0 .490


4335.0 .474
4135.0 .469


4165.0 .466
3166.0 .490


4396.0 .467
3195.0 .491


4425.0 .492
3225.0 .492


4455.0 .499
3255.0 .443 • 44E5.0 .503
3265.0 .48h


4515.9 .509
3415.0


4546.0 .609
3145.0 .4M2


4575.0 .514
3375.J .4/0


4605.0 514
34v5.0 .477


4n3b.0 .514


.476


46!)=.1 .n
=4CC".J .476


4t.1 .n01


.477


472.3.1)
.nu2
J.tRn.t) .4/6


479D.0
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APPENDIXC
%%ATERCHEMISTRY
Theresultsof thechemicalanalysisof 49watersamplesarelisted.
Theserepresentsamplestakenfrom41 separatesites,thelocationsand
referencenumbersofwhichareshownon FigureC.1.
C.1 SAMPLINGPROCEDUREANDCHINICALANALYSIS
Sampleswerecollectedin tightlystopperedpolythenebottlesfrom
whichallairwasexpelled.Wherepossiblesamplesweretakendirectly
fromthedischargepipeat thewellhead; insomecases,however,samples
hadtobe takenfromstoragetanksoraswasthecaseforallobservation
wellsdrilleduringtheinvestigationfromairliftsamples.
Wateranalyseswereundertakenby InternationalConsultancyand
LaboratoryServicesLtd.(formerlyThresh,BedeandSucklingLtd.)in
England.Fullchemicalandmineralanalyseswerecarriedoutandreport
inbothmilligramsandmilliequivalentsperlitre.
C.2 DESCRIPTIONF THETABLES
TheChemicalresultsarearrangedincolunmswithfivesamplesto
thepage. At theheadofthecolumnthegridreferenceis followedby the
wellreferencenumberwhichin turnis followedby thesamplenumberandthe
dateof collection.
Majorionconcentrationsarequotedinmilliequivalentsperlitre,total
dissolvedsolids,hardnessandtraceelementsinmilligramsperlitre.
Theelectricalconductivityispresentedasmicromhospercentimetreat 20°C.
Mbstof theabbreviationsu edareselfexplanatorybutthecoding
classificationusedforBasin,AquiferandSourcerequiresexplanation.
TheBasinCoderefersto thegroundwaterbasinfromwhichthesample
wascollected;in thisinstancethereisonlyonebasin.
1. ShabeelleRiverBasin
TheAquifercodedefines_theg ologicaloriginof thesampleas follows:
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CHEMISTRY SAMPLING
POINTS
Figure C.1
1. Limestone
/. RedandBuffsands
Alluvialsediments
Lirestoneandsands.
TheSourcecodedefinesthephysicaloriginas follows.
Drilledborehole
Handdugwell.
Thewaterclassindicatesanoverallassessmentofwaterqualityin
termsof domesticandagriculturalsuitability.Thesearegenerated
automaticallywithinthecomputerdatabasesystemof theInstitute.
Althoughagriculturalsuitabilityhasnotformedanypartof ourstudy
theresultsareincludedin thisappendixfromthepointofviewof
generalinformation.Domesticsuitabilityhasbeenestablishedusing
criterialaiddownintheI'MInternationalStandardsfordrinking-water.
ThewatersareshownasbeingofClass1, 2 or 3 on thebasisof thefollowing
limitingconditions:-
Class1 watershaveallconstituentsbelowtheWHOhighestdesirable
level
Class2 watershaveoneor moreconstituentsbetweenthehighest
desirablelevelandthemaximumpermissible vel
Class3 watershaveoneormoreconstituentsexceedingthemaximum
permissiblelevel.
Theconstituentor constituentsresponsibleforplacingthewaterin
classes2 and3 definedabovehavebeenindicatedby theuseof asterisks
whereby:-
* indicatesa concentrationwhichexceedsMO highestdesirablelevel,and
** indicatesa concentrationwhichexceedsWHOmaximumpermissiblelevel.
Thelimitingconcentrationsof thechemicalsubstancesusedinthe
classificationareshowninTableC.1. Discretionisneededin interpreting
theclassification.Class1 watersaresuitableforuseaspublicsupplies
to largecommunities,class2 watersaresuitableforsuppliesto smaller
communities.Concentrationsof Chemicalsinexcessof thecriteriafor
class3 frequentlyimpairthe-palatabilityof thewaterbutarenot
TABLEC.1
DOMESTICSUITABILITY- LIMITINGOONCENTRATIONSOF
CHEMICALSUBSTANCES
Substance Class1 Class2 Class3
pH 6.5- 8.5 8.5- 9.2 > 9.2
Totaldissolvedsolids(mg/1)
Totalhardness
< 503
< 100
500- 1 500
100-500
>1
>
500
500
Calcium(me/1) <3.7 3.7- 10.0 > 10.0
Magnesiumif
sulphate< 250 < 4.1 4.1-12.3 > 12.3
sulphate> 250 < 2.5 2.5-12.3 > 12.3
Sulphate < 4.2 4.2-8.3 > 8.3
Chloride <5.6 5.6-16.9 > 16.9
Nitrate < 0.7 0.7 > 0.7
Nhnganese(mg/1) < 0.05 0.05- 0.5 > 0.5
Iron < 0.1 0.1- 1.0 > 1.0
Copper < 0.05 0.05- 1.5 > 1.5
Zinc <5 5 - 15 > 15
1 WHOInternationatStandardsfor DrinkingWater,3rdEdition,Geneva1971.
necessarilyharmful.However,certainsubstancesinconcentrationsabove
thoseusedasthecriteriaforclass3 canbe injurioustohealth.For
example,ustercontainingnitratesinexcessof 0.7me/1(45mg/1
asNO3)cangiveriseto infantilemethaemoglobinaemia.Alternativesources
ofwatershouldbe foundif a highnitrateconcentrationispresentina
supplyusedforinfantfeeding.Thenitratecontentof 1 sampleexceeded
thelimit,WellNo.86,sample33. Herea nitrateconcentrationf0.96me/1
(60mg/1)wasrecordedattheWilla SomaliaresthouseatAfgooye;
localcontaminationis suspected.
IngeneraltheTotalDissolvedSolidscontentof themajorityof
samplesareoverthehighestdesirablelevelsbutbelowthemaximum
permittedlevels.A similarpatternisfollowedby theconcentrationf
theindividualmajorelements.Thosewatershavingoverthemaximumpermitted
levelsofTotalDissolvedSolidsarethesalinecoastalwaterssuchas
MGQ-1CPand2CPandtheoccasionalinlandwatersuchasMGQ-10Pwhere
sulphatemineralsarepresentinusuallylargeamounts.Overall,
therefore,thequalityof groundwaterintermsof theconcentrationf
majorelementsisofa satisfactorystandardfordrinking,Whilstnotbeing
of outstandingpurity.Concentrationf thetraceelementsIron,Zinc,
Copper,LeadandMhnganeseformostwatersfallwithinmaximumpermissible
levels,witha fewveryminorexceptions.
AgriculturalSuitabilityhasbeenbasedon theU.S.Salinity
Laboratorysystem2usingtheSodium-AdsorptionRatio(SAR)andelectrical
conductivity(EC).Themethodofclassificationwasadaptedintotheform
of a setof constraintswhichdeterminetheclassofwaterby thesalinity
hazardandthesodium(alkali)hazard,giventheEC at 20°CandtheSARas
follows:-
1 ThereportedEC at 20°CiscorrectedtotheU.S.standardat 25°C
(ECL)by:-
ECL = loglo(EC+ 0.1EC)
thenthesalinityhazardclassesaredefinedby:-
U.S.SalinityLaboratoryStaff1954,Diagnosisand improvementof saline
and alkalisoils: U.S.Dept.ofAgricultureHandbookNo. 60.
RangeofECL Class
ECL < 2.398 Cl
2.398 g ECL < 2.8 75 C2
2.875 g ECL < 3.332 C3
3.352 g ECL < 3.699 C4
3.699 g ECL C5
2 TheSARis determinedby:-
SAR- Na
/Ca + Mg
2
wheretheconcentrationsof Na,Ca andMg areinme/l(milli-equivalent
perlitre).Thesodium(alkali)hazardclassesarethendefinedby:-
Rangeof SAR Class
SAR< (-4.414 x ECL + 18.828) 51
(-4.414 x ECL + 18.828) c SAR < (-6.769 x ECL + 31.538) S2
(-6.769 x ECL + 31.538) 4 SAR< (-8.829 x ECL + 43.658) 53
(-8.829 x ECL + 43.658) 4 SARg 31 S4
31g SAR 55
Finallyreferencemaybemadetowaterqualityas itaffectsthe
choiceof screenmaterialforproductionwells. It isthechemistryof the
groundwaterandmoreparticularlyitsdegreeof equilibriumwithrespect
to CaCo3 thatwilldeterminewhetherscreensbecomecorroded,encrusted
or leftunaffected.Withthisinmindan indexof thecorrosive-incrustive
natureof groundwaterhasbeencalculatedusinga formuladevelopedby
J W Ryznar3andusedsubsequentlyb otherworkers".TheIndexis
calculatedfromthefollowingformula.
pas = logKs logCa++- logAlk+ 9.3+ 2.515 
K2 1 + s.31/T4775
Where pHs = CalculatedpH
Ks = Activityproductof CaCo3
1(2 = 2nddissociationconstantof HGO
Ca = Concentrationf Ca inmg/1
Alk = Alkalinityexpressedas CaCO3 (mg/1)
p = Ionicstrengthof thewater
ThelasttermintheequationisverysmallandunlesstheTotalDissolved
Solidscontentiswellover1000mg/1itcanbe approximatedby,
T.D.S.mg/1x 2.5x 10-s. OncethepHshasbeencalculatedtheStability
Indexisderivedthus:
S.I = 2 pHs-pH
whereQh isthemeasuredpH of thewater.
Theanswerwillalwaysbe positiveandliebetween3 and13. Ingeneral
water-withan indexbelow6 areprogressivelyencrustingwhilstthoseover
8 areincreasinglycorrosive.Between6 and8 onlymildcorrosionor
encrustationis likelytotakeplace,with6.6beingtheapproximatevalue
atwhichtheoreticallyno corrosionor encrustationtakesplace.To
calculatethisfigureaccuratelyrequiresthatthepH of thegroundwaterbe
measuredinthefieldimmediatelyaftersampling.Thiswasdonefor5 of
the6 pumpedwellstested uringtheinvestigation;theresultsareas
follows:
RYZNAR,J.W. Journalof AmericanWaterworksAssociation,1944
April.pp 472-86.
4 Mugg,J.L. Groundwater1972V.10No.2pp 6-11.
TABLEB
WellNumber Calculated
PHs

MeasuredStability
FieldpHIndex


MGQ- 1T 7.10 7.3 6.9
MGQ- 2T 6.65 7.0 6.3
MGQ- 3T 7.35 7.1 7.6
MGQ- 4T 7.01 7.2 6.8
MGQ- ST 6.61 6.9 6.3
Thesefiguresfalloneithersideof the6.6neutralpointanditwould
seemthatneithersevere ncrustationr corrosionis likelyto be a
problemwithanyof thegroundwaters.
GRID REF
WELL NUMBER
SAMPLE
DATE
BASIN
AQUIFER
SOURCE
51342372
66.
33
12 APR 79
1
3
1
51432365
12
17
23 FEB79
1
2
1
51742340
74
23
11FEB79
2
1
MUUDISHO RESOURCE STUDY
ALLTHE DATA
CHEMISTRY SUMMARY
	
5178232551862330
	
8718
	
3635.
12 APR7912 APR 79
	
11
	
22
	
11
TOTAL SOLIDS 950.* 1200.*
ELEC. COND. 1250. 1320.
PH 7.90 6.30
HARDNESS:TOT 420.00* 720.00**
NON-0O3 180.00 500.00
ALK AS CAC03 240.00 220.00
FREE CO2 5.00
0
1000.* 1672.**
172 = 2.07."
2100.
110.90
480.00*
280.00
200.00
6.00
**
	
700.00** 740.00
	
330.00 440.00
3
	
370.00 00.00
1
	
10.00 0.00
4.68*
	
4.92*
9.43*CATIONS CA 4.02* 8.66* 7.40*
5.37*(MEWL) MG 4.38*
	
4.60
6.60*5.74•
4.92
	
NA 6.30 11.68
	
K .05 .21
	
4.:10
12.78
	
‘12 .20
6.00
	
ANIONS HCO3 4.40
	
7.92°
7.404.80
(MEWL) 504 7.08* 8.33*
1:::1541F**
	
2.59
14.14**
	
CL 6.74* 5.35
	
NO3
1.91
.96** .06 .01 .03
MINORS FE
.28* .05 .84* .05 .09
(MG/L) ZN .04 .03 .11.21 1.08
<.03000
	
CU <.03000 (.03000
	
<.03000
(.03000
	
(.03000
(.03000
<.03000
	
P8 (.03000 <.03000
	
MN (.03000 <.03000 .28* <.03000 <.03000
	
DOMES. CLASS 3 3 2 3 3
	
AGRIC. CLASS C351 C3S1 C3S1 C4S2 C4S2
* CONCENTRATION EXCEEDS W.H.O. HIGHEST DESIRABLE LEVEL
** CONCENTRATION EXCEEDS W.H.O. MAXIMUM PERMISSIBLE LEVEL
MUDDISHO RESOURCE STUDY
ALL THE DATA
CHEMISTRY SUMMARY
GRID REF 52092356 52112393 52122392 52322302 52512470
WELL NUMBER MGQ4P MGQ17 M6U3P MGU2P MGQ13R
SAMPLE 4 9352 3 2 9360 .
DATE 16 DEC 78 10 AUG 75 15 DEC 78 14 DEC 78 11 AuG 79
BASIN 1 1 1 I
AQUIFER 3 2 2 2 2
SOuRCE 1 1 I 1
785400:
TOTAL SOLIDS 600.* 610.*
	
720.
1080.*
879.070*
ELEC. COND. 690.
	
7.50 8.3UPH 8.60* 1288.010
100g.
'
HARDNESS:TOT 375.00* 340.00* 365.00* 760.00** 470.00*
NON-0O3
	
155.00 280.00 210.00 580.00
	
180.00
250.00
22C8).0000
ALK AS CACO3 160.00
	
220.00 155.00
FREE CO2 10.00 2.50
4,43*CATIONS CA 3.89* 7.54*
	
7.62*
4.07*5.90*
(MEU/L) MG 2.911.60
	
4.02
5.33*
4.89
	
NA
2.87
	
2.14 1.90
	
K .18
2.35
15 .10 .19 .09
ANIONS mCO3 4.40 3.20 3.10 3.60 4.40
(MEWL) 504 5.99* 4.59* 4.83* 10.83** 7.73*
	
CL 1.18 1•2' 1.24 2.77 2.25
	
NO3 .13 .31 .37 .05
MINORS FE .60* .06 .12* .16• 2.70**
(MG/L) ZN .10 <.03000 .05 .05 <.03000
	
CU <.03000 <.03000 <.03000 <.03000 <•03000
	
PB <.03000 <.03000 c.03000 <.03000 <4,03000
	
MN .78** <.03000 .18* .64** .06*
OUMES. CLASS 3 2 2 3 3
AGRIC. CLASS C351 C3S1 C3S1 C351 C3S1
* CONCENTRATION EXCEEDS w.H.O. 6IGHEST DESIRABLE LEVEL
** CONCENTRATION EXCEEDS w.H.O. MAXIMUM PERMISSIBLE LEVEL
muODISHO RESOURCE STUDY
ALL THE DATA
CHEMISTRY SUMMARY
GRID REF 52582299 52672285 52772332 52772333 52862263
WELL NUMBER 59 84 mGQ1OP mGQ5T mGQIP
SAMPLE 30 34 8 11515 1 •
DATE 9 SEP 76 12 APR 79 10 JAN 79 18 OCT 79 13 DEC 78
BASIN 1 1 1 1
AQUIFER 2 2 2 2 2
SOURCE 1 1 1 1
1515.* .*TOTAL SOLIDS 1200.* 870 1560.** 1340.**
.
ELEC. CONU. 1600. 1050.
7.90
1670. 1600.
1:820PH 7.70 8.00 7.80
HARUNESS:TOT 690.00** 530.00** 660.00** 680.00** 600.00**
	
NON-0O3 550.00 290.00 320.00 380.00 320.00
ALK AS CAC03 140.00 240.00 340.00 300.00 280.00
FREE CO2 5.00 6.00 5.00 7.00 3.00
CATIONS CA 6.10* 6.26* 7.67° 6.30* 6.02*
(MEWL) MG 7.70* 4.34* 5.33* 7.30* 5.98*
	
NA 5.65 3.26 10.43 10.87 9.40
	
K .23 .09 .17 .26 .17
ANIONS HCO3 2.80 4.60 6.60 6.00 5.60
(MEWL) 504 10.71** 7.08* 13.90** 15.01** 10.42**
	
CL 6:08* 2.03 3.10 3.66 5.49
	
NO3 .u9 .04 .06 .06
MINORS FE .56* .01 .11* <.03000 .38*
(MG/L) ZN 1.27 .51 .17 <.03000 .06
	
CU .03 <.03000 <.03000 (.03000 <.03000
	
PB (.03000 <.03000 <.03000 <.03000 <.03000
	
MN <6,03000 <.03000 <.03.300 (.03000 .21*
DOMES. CLASS 3 3 3 3 3
AGRIC. CLASS C3S1 C3SI C351 C3S1 C351
° CONCENTRATION EXCEEOS W.H.O. HIGHEST DESIRABLE LEVEL
** CONCENTRATION EXCEEDS w.H.O. MAXIMUM PERMISSIBLE LEVEL
(1000ISHO RE500RCE STUDY
ALL THE DATA
CHEMISTRY SUMMARY
6k1U REF
(NELL NUMBER
SAMPLE
DATE
	
52872391 53222328
	
52862283 53.202498 , 53-24(03244191:
	
MGQ1P MGQ5P (mGQ11P 70
	
31 520 •
	
25 SEP 78 18 DEC 78 24 JAN 79 17 SEII,T9 11 FEB 79
BASIN 1 1 1 1 1
AQUIFER 2 2 2 2 2
SOURCE 1 1 1 1
TOTAL SOLIDS 1550.° 1445.*
ELEC. COND. 2200. 1350.
PH 6.75* 8.30
HARDNE55:T0T 830.00** 868.00**
NON-0O3 430.00 798.00
ALK AS CAC03 400.00 70.00
FHEE CO2 120.00
3165.°
3300.
7.80
1680.00**
1540.00
140.00
3.50 

3230."
3600.
7.90
1750.00**
1530.00
220.00
4.50 

660.*
970.
8.00
320.00*
120.00
200.00
4.00
2.88
3.52
2.83
.28
CATIONS CA 10.21** 12.20**
(MEWL) MG 639* 5.16*.
16.39** 15.33**
. 17.21** 19.67**
	
NA 9.78 3.7017.20 '17.39
	
K .26 .2g


.20 .26
	
ANIONS HCO3 8.00 1.40 2.80 4.40 4.00
(MEWL) 504 8.64** 18.54** 29.50** 29.70** 4.01
	
CL 9.94* 1.18 18.59** 18.45** 1.49
	
NO3 .06 .23 .11 .10 .01
MINORS FE 1.93** .12* .06 <.03000 .26*
(MG/L) ZN 1.15 .05 .07 (.03000 .04
	
CU .04 <.03000 4.03000 <.03000 (.03000
	
PB .10 <.03000 <.03000 <.03000 (.03000
	
MN •57** •14* <.03000 4.03000 (.03000
	
DOMES. CLASS 3 3 3 3 2
	
AGRIC. CLASS C451 C351 C452 C4S2 C351
* CONCENTRATION EXCEEDS Q.H.O. HIGMESF OESIRABLE LEVEL
** CONCENURATION EXCEEDS Q.H.O. MAXIMUM PERMISSIBLE LEVEL



MUUDISHO RESOURCE STUDY
ALL THEDAIA
CHEMISTRYSUMMARY
GRID REF 53282419 53282419 53292418 63332285 53482246
WELL NUMHER M602T mGO2T m6(.46PA 73 RAIN
SAMPLE 25 9359 32 24 8543.
DATE 1DEC 78 lb AUG 79 d MAR79 11FE879 8 JUL 79
ENISIN 1 1 1 1


AQUIFER 2 2 2 2


SOURCE 1 1 1 1


TOTAL SOLIDS 1000.*
7:t0
ELEC. COND. 1280.
940.* 1020.*
PH 7.80 176.60 7.70 7.85
HARDNESS:TOT 360.00* 670.00** 750.00**31.00
	
NON-0O3 130.00 420.00 490.00 Mgr 1.00
ALK AS CAC03 230.00 250.00
FREE CO2 7.00 12.00
CATIONS CA 6.8d*
(MEQ/L) MG 6.52*
	
NA
- 2.50
	
K .10
ANIONS HCO3
(MEQ/L)504
CL
NO3
	
5.005.204.00.60
	
6.61*7415411
*4.39*.104.
	
4.39.15
	
.01.92 
.02
MINDRS FE 1.32** .04 .06 •30* 4.03000
	
4.03000 4.03000(MG/L) ZN .11 .26 .08
	
CU <.03000 4.03000 <.03000 <.03000 4.03000
	
P8 <.03000 <.03000
	
<.03000
<.03000
4 .03000
	
MN .42* <44.=
<.03000
4 .03000.
	
DOMES. CLASS 3 3 3 2 1
	
AGRIC. CLASS C3 C351 C351 C351 CIS1
* CONCENTRATION EXCEEDS W.R.O. HIGHEST. DESIRABLE LEVEL
*• CONCENTRATION EXCEEDS W.H.O. MAXIMUM PERMISSIBLE LEVEL
260.00 200.00
10.00 5.00
9.47* 3•54
5.53* 4.26*
1.74 2.17
.12 .36
30.00
6.00
•55
.07
.21
.02



muODISHO RESOURCE STUDY
ALL THEDATA
CHEMISTRYSUMMARY
GRID REF 53492262 53642341 53642341 53642342 63672379
wELL NUMBER 32 MGQ-4T


MGO9P SLIOT
SAMPLE 18 29 8545 7 22.
DATE 23 FEB 79 29 DEC 78 6 JUN 79 20 DEC 78 20FEd79
BASIN 1 1 1 1


AQUIFER 2 1 1 1 2
SOURCE 2 1 1 1


TOTAL SOLIDS
ELEC.COND.
PH
2210.**
2720.
8.00
770.*
900.
8.60*
760.*
1050.
1.90
920.*
1000.
8.60*
620.*
920.
8.00
HARDNESS:TOT 660.00** 340.00* 350.00* 400.00* 420.00*
NUN-0O3 580.00 120.00 90.00 150.00 260.00
ALK AS CAC03 80.00 220.00 260.00 250.00 160.00
FREE CO2 1.30


6.00


3.00
CATIONSCA 5.00* 3.52 3.68 4.43* 3.15
(MEU/L ) MG 8.20* .3.28 3.32 3.57 5.25*
NA 22.61 5.37 5.57 6.52 2.26


K .17 .17 .16 .18 ..36
ANIONSHCO3 1.60 4.40 5.20 5.00 3.20
(MEU/L)504 11.55 ** 4.90* 4.96* 0.31* 3.54
CL 22.67** 3.04 2.54 3.37
 4.28
NO3 .16


.03 .02


MINORSFE .u8 .19* .04 .21* .32*
(MG/LIZN .11 .04 <.03000 .17 .16
CU <.03000 <.03000 <.03000 <,03000 <.03000
PB <.03000 <.03000 <.03000 .04 <.03000
MN <4,03000 .04 <.03000 <.03000 <4.03000
DOMES.CLASS 3 2 2 2 2
AGRIC.CLASS C4S3 C3S1 C351 C3S1 C3S1
*CONCENTRATION EXCEEDS Q.H.O.HIGHESTDESIRABLELEVEL


** CONCENTRATION EXCEEDS w.H.O. maximum PERMISSIBLELEvEL


m000I5HU RESOURCE STUDY
ALL THE DATA
CHEMISTRY SUMMARY
GRID REF
wELL NUMBER
SAMPLE.
DATE
	
53812528 53812528
	
MC,U6T MGQ6T
	
5131 11517
	
10 FEB 19 18 NOV 79
53822524\ 54062300
\
	
MGC112P 55
	
10 26
L. FEB 7?) 28 SEP 76
54152322
MGO3CP
13 .
12 DEC 78
BASIN 1 1 1 1 1
AQUIFER 2 2 2 1 4
SOURCE 1 1 1 1 1
TOTAL SOLIDS
ELEC.COND.
PH
HARDNESS:TOT
NON-C:03
ALK AS CAC03
FREE CO2
595•*
615.
7.50
780.*
1000.
7.50
490.00*
350.00
140.00
7.00
785.
8.30
390.00*
260.00
130.00
1.10
1350.*
1950.
7.70
385.00*
175.00
210.00
7.00
1125.
1300.
8.20
410.00*
250.00
160.00
1.60
CATIONSCA 5.92* 8.06* 6.37* 4.18* 3.77*
(MEWL)MG 1.48 1.74 1.43 3.52 4•43*
NA. 1.99 -2.17 2.72 14.48 9.57
X .14 .21 .14 .19 .18
ANIONSHCO3 3.00 .2.80 2.60 4.20 3.20
(MEWL)504 4.27* 8.00* 6.23*


7.31*
CL 2.25 1.38 1.80 10.76• 7.32*
NO3 .01


.03 .10 .01
MINORSFE


<.03000 .14* •970 .32*
(MG/L)ZN


<.03000 .17 .04 .11
CU


<.03000 <.03000 .05 <.03000
P8


<.03000 <.03000 <.03000 <.03000
MN


<.03000 <.03000 .03 '.25*
DOMES.CLASS 2 2 2


2
AGRIC.CLASS C351 C3S1 C3S1 C3S2 C3S1
*CONCENTRATION EXCEEDS W.H.O.HIGHESTDESIRABLELEVEL


** CONCENTRATION EXCEEDS w.H.D.MAXIMUM PERMISSIBLE LEVEL


moODISHU RESOURCE STUDY
ALL THE DATA
CHEMISTRY SUmmARY •
GRID REF 54302577 54302605 54342521 54342595
WELL NUMBER 16 2 75 4
SAMPLE 27 38 19 5139
OATE 14 FEB79 21 JUN19 14FEB79 3 mAY79
BASIN 1 1 1 1
AQUIFER 2 2 2 2
SOURCE 1 1 1 1
TOTAL SOLIDS 620.*
900.ELEC.COND.
745 •*
950. 

550.*
780. 790041.
PH 7.90 7.70 7.80 7.60
HARDNESS:TOT 410.00* 480.00* 280.00*


NON-L03 .290.00 350.00 120.00


ALK A5 CAC03 120.00 130.00 160.00


FREE CO2 3.00 5.00 5.00


CATIONSCA 6.07* 6.49* 2.81 7.43*
(mEO/L)MG 2.13 3.11 2.79 1.97
NA 1.65 '1.97 2.13 1.96
K .38 .11 .46 .11
ANIONSHCO3 2.40 2.60 3.20 3.20
(MEW/L)504 6.36* 7.08* 3.98 6.46*
CL 1.46 1.97 1.01 1.74
NO3 .01 .01


.07
MINORSFE .40* <.03000 .10


(MG/L)ZN .32 .04 .12


CU <.03000 <.03000 <.03000


PB <.03000 <.03000 <.03000


MN <.03000 <.03000 <.03000


DOMES. CLASS 2 2 2 2
AGRIC.CLASS C3S1 C3S1 C351 C351
*CONCENTRATION EXCEEDS w.H.O.HIGHESTDESIRABLE LEVEL
** CONCENTRATION EXCEEDS W.H.O.MAXIMUM PERMISSIBLE LEVEL
54352598
RIVER
39 .
26 SEP 78
:700.
7.40
210.00*
90.00
120.00
10.00
3.18
1.02
.86
.09
2.40
2.04
.62
.09
5.70**
1.08
.13*
<.03000
3.25**
3
C251
MUODISHO RESCYURCE STUDY
ALL THE DATA
CHEMISTRY SUMMARY
GRID REF 54352598 54412508 54442455 54442455 54462413
WELL NUMBER RIVER hi MGQ3T MGO3T NO 62
SAMPLE 8544 15 14 21 28
DATE 3 JUN 79 23 FEB 79 28 NOV 78 24 FEB 79 9 OCT 78
BASIN 1 1 1 1
AQUIFER 2 2 2 2
SOURCE 1 1 1 1
TOTAL SOLIDS
ELEC.COND.
468.
700.
520.*
550.
650.
*78U.
660.*
940. .*:(2)O0.
PH 7.30 8.40 8.50 7.70 7.80
HARDNESS:TOT 330.00* 210.00* 400.00* 300.00* 100.00
NON-0O3 200.00 85.00 160.00 40.00


ACK AS CAC03 130.00 125.00 240.00 260.00 120.00
FREE CO2 14.00


10.00 3.00
CATIONSCA 5.49* 1.37 3.90* 1.41 5.21*
(MEO/L)MG 1.11 .2.83 4.10 4.59* 2.79
NA .65 3.38 2.54 3.56 2.17
K .13 .13 .15 .44 .33
ANIONSHCO3 2.60 2.50 4•80 5.20 2.40
(MECi/L)504 4.41* 4.00 3.91 2.08 3.71
CC .33 1.13 1.92 2.70 4.39
NO3 .04 .08 .06 .02


MINORSFE 34.00** .12* .26* .11* 1.76**
(MG/L)ZN .12 .03 .07 .13 .12
CU
P8
.14*
<.03000
<.03000
(.03000
<.03 000
.12**
<.03000
<.03000
.94**
<.03000
MN 4•74** <.03000 .23* <.03000 .08*
DOMES.CLASS 3 2 3 2 3
AGR1C.CLASS C351 C251 C351 C3S1 C3S1
*CONCENTRATION EXCEEDS W.H.O.HIGHESTDESIRABLELEVEL


** CONCENTRATION EXCEEDS w.H.O.MAXIMUMPERMISSIBLELEVEL


mUoJISIRORES0URCE STUDY
ALL TmE DATA
CmEmISTRY SUMMARY
OHIO REF 54462413 54552327 54712315 55022437 55512457
.4ELLNUMBER NO 62 WGQ2CP mGQ1CP mGQ8P 63
SAMPLE 37 12 11 6 16 .
DATE 3 mAY 79 8 JAN 79 23 FEb 79 12 DEC 78 .23 FEB 19
BASIN
AQUIFER
SOURCE
1
2
1
1111
1 14 2
1111
	
975.° 970.*
	
TOTAL SOLIDS 2485.** 30500.4*
1:::::
ELEC. LOND. 1340. 2860. 42000.
	
7.60
1620.
PM 7.80 8.00
1180.
8.70*
	
mARONESS:TOT 450.00* 820.00** 7720.004* 440.00* 160.00*
	
NON-0O3 145.00 560.00 1580.00 180.00
	
ALK AS CAC03 305.00 260.00 140.00


390.00
4.00FREE CO2 8.00
260.00
CATIONS CA 6.21* 8.55° 92.10** 5.11* 1.89
J7.:339
lmEQ/LI mG 2.79 . 7.87* 62.30**
	
NA 6.74 23.13 34t:Ou
3.69
6.76
	
K .11 .32 .15 .12
7.80
	
ANIONS mCO3 6.10 5.20 2.80
5.52*
5.20
	
(MEWL) SO4 3.44 51.30**
	
18.75** 5.71*
	
CL 6.20*15.68* 450.70** 4.80 7.35•
	
NO3 .11 .04 .04
MINORS FE .03 .18* .17* .07 .24*
(MG/L) ZN
.25 .30 .25 .08 .09
<.03000
	
CU .05
	
<.03000
.03
	
<.03000
<.03000
	
<.03000
<.03000
PB
	
MN <.03000 <.03000 c.03000
<.03000
	
<.03000 ::(gtO)gg
	
DOMES. CLASS 2 3 3 2 2
	
AGRIC. CLASS C351 C4S3 C555 C351 C3S3
* CONCENTRATION EXCEEDS w.M.O. HIGHEST DESIRA8LE LEVEL
** CONCENTRATION EXCEEDS w.m.O. MAXIMUM PERMISSIBLE LEVEL
APPENDIXD
REGIONALCONDUCTIVITYSURVEY
Theconductivityof pumpedgroundwatersampleswasmeasured.Thiswas
possiblewiththeboreholesdrilleduringtheinvestigationa dallother
boreholesequipedwithpumps. Thesedataarepresentedtogetherwithall
availablehistoricaldata.
Fieldconductivitiesweretakentoprovidea rapidmethodof estimating
waterquality-throughouttheareawithoutfullchemicalanalyses.This
wasusefulwhenlargenumbersof samplesaretaken,theresultsbeingused
toassessanydeteriorationf qualityparticularlyunderNUqdisho.
Thefieldconductivitiesgivenwerecorrectedto thestandardtemperature
of 25°Cwhereasthisedeterminedin thefullchemicalanalysis,AppendixC,
arecorrectedto 20°C. Thefieldconductivitymeasurementscanbe adjusted
to 20oCby multiplyingby 0.89. Itis alsopossibletousetheconductivity
valueto estimatethetotaldissolvedsolidsconcentrationi mdlligramaper
litreby referenceto figureD.1. Here,usingdatadrawnfromAppendixC,
electricalconductivityat 20°Cisplottedagainstotaldissolvedsolids
concentrationa destablishestherelationship:
.TDSinmg/1= 0.8x E.C..at 20°C
As theShabeelleRiveris themajorsourceof rechargetheconductivitywas
monitoredat frequentintervals.ThesamplingperiodwasbetweenSeptember1978
andSeptember1979withthesamplesbeingtakenat theoldroadbridgeat Balcad.
TheresultsaresummarisedinfigureD.2togetherwiththeriverstage. During
thesamplingperiodconductivitiesrangedbetween400and1400mdcromhoswith
an approximatem anof 700micromhos.
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mou01SHo -ttbdURCE STUDY
CONUATivITt !Limmi: J-c(
ALL THE DA14
GRID REF 51IENO


oATE


CONUOCTIvITy
(m1COMHO5/Cm).
51282428


12 FES 69


2060.0/
51342372 8b 15 APR 79 i 1330.0 /
51422365 14 10 OCT 78


4490.01
51422400 56 7 FEB 69


2010.0r
51432361 58 2 FEB 69


1480.0 1
51432365 12 14 JAN 78


.1275.01-


4 JAN 79


1670.0 J
51452368 60 10 OCT 78


1900.01
51742340 74 11 FEB 79


1475.0 J
51782325 87 5 FEs 77


2450.0


15 APR 79


2355.0 /
51862330 18 1 AUL3 69


1700.0 V:


5 FEd 77


2250.0 J


14 jAN 78


2100.0J


21 APR 79


2175.0 J
52092356 MbU4H 17 OEC 78


995.0 1
52112393 m(7011 26 ()Cr 78


905.0


9 AUG 79


.830.0 J
52122392 miU3P 15 OEC 78


865.0 J
52322302 MGOEP 14 DEC 78


1600.0J
52512470 MGC113P 9 SEP 79


1300.01
52552284 11 9 OCT 78


1650.0 /
52582299 59 5 SEP 78


2050.01
••
muGiDISmo riE5OukCE SluDY
CONDuCTIVITY SONHARY
ALL THL uATA
GRID REF
52672285
52702290
51TENu
84
4131
DATE
5 FE8 77
16DEC77
15 APR 79
1.JUL- 69
CONDuCTIv1TY
(MICROMHOS/Cm)
	
1200.0 it
	
1200.01
	
1190.0V
	
1150.0 J
52772332 mG010P 10 JAN 79 2400.0 j
52772333 (1605T 17 OCT79 2050.0I'
52862283 mi,001P 13 OEC 78 1880.0 /
52872391 MGO5P 10 NOv78 1910.0 1.


18 DEC 78 1910.01
53092266 40 21JAN 78 1500.01
53202283 19 15 JAN78 _1200.01
53202498 MGDIIP 2 JAN79 4130.01
53222320 71 11 DEC79 915.0 J
53222328 70 11-AC79 952.o J
53252295 72 11DEC79 972.01
53282253 24 17 JAN 78 2400.0 /
53282255 42 26 JAN78 1190.0Y
53282418 MGO2TA 17AUG79 1395.01
53282419 m6-02T 3 DEC 78 1480.0/
53292418 MGO6PA 3 MAR79 1435.0]
53332285 73 11FEd79 1040.0 1
53342244


1AUG 69 1180.0/
53352250 43 26 JAN 78 1700.0/
myrJDIShilKEsOdkCt Sillily'
CONuuClIvITY SummAKY
ALL TrIE ugtk
GRID REF SITENu


4.
DATt CONDUCTIvITy
ftlICNOmROS/Cm).
53352270 65. 11 JEC /8 121u.0/
53362273 69 11 DEC 79
/1208.0
53372249 A61 1 JUL- 69 1800.0/
53402258 23 29 DEC 77 1130.0 /.
53442269 21 29 OEC 77 1070.0/
53452274 66 11 DEC 78 •1150.0/.
53462278 68 11 DEC 78 1210.0i
53472254 A41 1 JUN 69 1400.0
53472261 33 18 JAN 78 2050.01
53472272 92 8 JUL 79 1160.0/
53482276 67 11 OEC 78 1410.0/•
53482279 46 11 DEC 78 1040.0/
53492262 3 15 JAN 78 2450.0/


S NOv /8 3540.01
53512281 20 15 JAN 78 121U.0/
53542276 34 19 JAN 78 11800 1
53572257 31 18 JAN 78 4250.0/
53612286 48 26 JAN 78 1330.01
53642342 MUU9H 20 DtC 78 1330.0
53672379 SL101 1 uCT 69 800.0j


7 FEB 77 1000.01


22 JAN 78 975.u/



NOV Id 1040.u1


20 FEs 79 1060.0'
M1JODIS60 rESOUPCt 5f00Y
CONDUCTIVITY SUHMAHI
ALL PIC UAIA
GRIO REF SITE NLo DATE CONDUCTIVITY
(NICROMHoS/cmr
53692275 37 19JAN78 1390.0/
53712288 64 22 SEP 76 1480.0 /
53722292 49. 26-JAN78 1600.0/
53742279. 36 24 JAN 78 1730.0/
53812256 53 26 JAN 78 4100.0/
53812287 "29 17 JAN 78 2180-.01
53812528 MGO6T 10FEB79 812.0 /
.53622529 mGQ12P 1FEB79 935.0 ,/
53882263 41 24 JAN 78 4(50.0 /
53972289 27 26 JAN 78 1430.0 /
.54002296 35 2o JAN 78 1800.01
54022302 26 6 uEC76 2200.0


12FEd77 2100.0 /
54032304 85.576 1-WR69 1300.0./
54062300 55 26 SEP78 2310.0/
54112264 5A 13 JAN 79 7200.0/
54152322 MGO3CP• 12 DEC 78 1640.04


19 SEP 79 2680.0/
54182276 4A 19 DEC 77 5750.0 /
54202340 10A 3 rEd70 760.0
54202342 10AAA 11AuB79 923.0/
mu,.)D1Sr1c RESOJHCE 51uuf
CONLA,CIIVITY SNMA-tr
ALL THL UAAA
GRID REF SITE ku


DATE CDNDUCilviTY
(NECROmdus/Cmr
54202352 118 • 31 JAN 77 1000.0/



lb JAN78 975.0/



19 DEC78 967.0/
54222343 8101W


1 ocr 69 800.0/
54232356 11.56


31 JAN 77 1050.0/



16 JAN 78 1000.0/
54252350 11A


22 MAR 70 790.0j



31 JAN77 - 1000.0(



9 FE6 77 1000.0/



30 JUN77 970.0/



21
16
SEP 71.
JAN 78
970.0"
/980.0'



19 DEC78 990.0/
54262614 3


13 JAN 76 1300.0/
54272355 11.5A


12 AUG 70 700.o/



31 JAN 77 1060.0/.



16 JAN 75 1050.0/



19 DEC7o 1USU.0(
54282366 12.58


2d APk70 576.0/



b DEC 76 1090.07



31 JAN 77 1080.0/



16 JAN 76 1020.0 /



15 OEC 78 1010.0/
54292371 138


26
31
MAY 70
JAN 77
720.0//950.0



16 JAN 78 960.0/



19 DEC78 950.0/
54302359 12A


10 JUL70 760.0/



31 JAN 77 1100.0/



Id JAN78 1076.0/



19 UEC76 1060.0/




/
54302577 76


14 FEB79 1070.0
MuuDISHO HE5OukCE STUDY
.



coNoucilvirySUMHARY
ALLTHEUA FA
GRID REF SITE NO UArE CONDoCf1VITY•



(MICROm8o5/CmY
54302605 2 13 JAN 78 1100.0 /


. 3mAY79 1040.0/
54312261 3A 19 OEC 77 5900.0 /
54322364 12.54 6 MAY 70 610.0/


31JAN 77 1150.0/


16 JAN 78 1100.0/


19 DEC 78 1120.0/
54322375 1S.5b 26 MAY 70 720.0"


31 JAN 77 950.0/


16 JAN 78 975.0 1


19 DEC 78 967.0/
54322594 7 13 JAN 78 1045.0/


3 MAY 79 1045.0/
54342369 134 12 mAY 70 720.0'


31JAN77 1000.0/


30JuN 77 940.0/


21SEH77 940.0/


19JEC76 9(0.0/
54342379 146 30 JUN 77 920.0/


21 5EH77 920.0f


16 JAN 78 945.0/


19 DEC78 950.0/
54342521 75 14 FEd 79 782.0/
54352366 138 1 NOV 69 7 2 0.0 /
54362373 13.54 . 2 JUN 70 /40.0


31JAN 77 1000.0 I


16 JAN 76
19 DEC78 97DO4.00/C

MDUD1Snu RESOUHCE sruur
COROuLFIVITY SUn:.IAHt
ALL ImL DATA
GRID REF SITENo


DATE CONDUCTIVITY
CM1CP(JIIRDS/Lm).
54362384 14.5i- 29 JUN 70 920.0/


i JEC 76 920.0/


31.JAN 77 1100.01


16 JAN 78 1050.0/


19 DEC 78 1350.0/
54372375 8141w 1 AUu 69 1100.01
54382378 141% 14 JuN 70 710.0/


7 DEC 76 1150.0/


21 JAN 77 1080.0/


16 jAN 78 1120.0/


19 DEC 78 1120.0/
54382389 15d 11 APR 70 850.0/


7 DEC 76 1050.0/


31 ,JAN 77 1200.0/


lb JAN 78 1200.0/


19 DEC 78 1230.3/
54402362 14.54 23 JUN 70 bL70.07.


-31JAN 77 1150.0/


lb JAN 78 1120.0/
54412508 61 9 0C1 78 1420.07
54432387 15A 19 MAY 70 960.0v


31 JAN 77 1350.0/


30 JUN 77 1170.0/


21 5E0",71 1170.0]


16 JAN 78 1275.0i


19 OEC 78 1285.oJ
54442449


29 NOV 76- 1040.0J
54442455 mGo3T 18 NOV 78 1250.0/


29 NOV 78 1040.0/


23 FE-6 79 1040.01
54442456 mu(47R lb Nji 78 1250.0r
mut/DISHORESOURCE 51o0r




suomAky
ALLfrit:L)ATM
GRID REF SITENO


DATE CONDUCTIVITY




(mICRO N HUS / Cm}
54462413 NO62 1 rdIv69 Ic/00.0


3 DEC 69 1800.0


7 DEC 69 1500.0



FE6 77 1600.0,


19 DEC 77 1540.0


9 OCT 78 1500.0


3 HAY 79 1440.0
54552327 MGO2CP 19 SEP 79 666U.0
54712315 riGt1CP 19 SEP 79 48700.0
55022437 mGCleP 12 NOV 78 1540.0


12 DEC 78 1540.0
55162326 IA 19 JEC 77 6500.0
55512457 63 25 OCT 78 2290.0
,
á
APPENDIXE
BOREHOLEFLUIDCONDUCTIVITYANDTEMPERATURELOGS
Fluidconductivityandtemperaturelogswererunon alltheobservationboreholes
drilleduringtheinvestigationexceptMGQ13P. Inadditionlogswere
performedon testboreholes3T and4Tandboreholenumber1. Spotreadingswere
takenat 5 metreintervalsexceptat interfaceswhen1 metreintervalswere
adopted. Theselogsarepresentedin thefollowingpages.
Theresultshavebeenusedtoestablishthepositionandextentof thesaline
wedgenearthecoastandtosupplementtheregionalconductivitysurveyand
providea temperaturedistribution.
E.LCONDUCTIVITY-LOGGING
Becauseof thelimitedscreenlengthsof between10and20metrestheinland
boreholesexhibitlittlevariationandservetoconfirmtheconductivityvalues
obtainedfrompumpedsamples.
Thecoastalobservationboreholes,withscreenlengthsbetween76and86metres,
weredrilledto locateandmonitorthesalineinterface.In theseboreholes,
MGQ1CPto 3CP,thetopof thescreenwaspositionedtobe at,orbelow,the
screensettingsof theBalcadRoadWellfield.Logswererunintheseboreholes
every2 or 3 monthstodeterminewhethertherewasmovementof thesalinewedge
andin theperiodof observationnomovementwasdetected.
FigureE.1showsa setof typicalogsfromthecoastalobservationboreholes.
ThesalineinterfacewasdetectedonlyinMOQ1CPwheretheconductivityrose
.rapidilyfrombrackishwaterof 8000micromhosto seawater(48(00micromhos).
Abovethesalineinterfaceisa broadtransitionzoneofbrackishwateras can
be seeninMGQ2CPwitha conductivityof 6000to8000micromhos Thelogof
MGQ3CPshowsgoodqualitywateroverlyingthetopof thebrackishzonewith
theconductivityincreasingfrom1000to 2500micromhos.
E.2TEMPERATURELOGGING
Thetemperaturesrecordedwithinthescreenedpositionof theboreholeshave
beenused,inconjunctionwithpumpedsamples,to establishtheregional
groundwatervariations.Theresultsof thiswork,showninFigureE.2,demonstrate
theexistenceof a significanttemperaturegradientawayfromtheShabeelle.The
temperaturelogsrecordeduringoursurveyarepresentedtogetherwiththe
conductivitydatainthisappendix.
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Figure E.2
muODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 52092356
SITE NAME mGO4P
9 JUL 79
	
DEPTH CONDUCTIVITY-
	
(METRES) (MICRO-MHOS)
	
59,10 930.0
	
60.00 930.0
MUODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 52122392
SITE NAME MGO3P
19 JUL 79
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
DEPTH
(METRES)
CONDUCTIVITI
(MICRO-MHOS)
57.20 700.0 115.00 690.0
60.00 700.0 120.00 690.0
65.00 700.0 125.00 690.0
70.00 700.0 130.00 690.0
75.00 700.0 132.00 690.0
80.00 700.0 134.00 700.0
85.00 700.0 136.00 700.0
90.00 700.0 138.00 700.0
95.00 70.0.0 140.00 700.0
100.00 700.0 142.00 710.0
105.00 700.0 144.00 720.0
110.00 690.0


muODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REP. 52322302
SITE NAME m6O2P
12 JUL 79
UEPTH
(METRES)
CONDUCTIVITY
(mICRO-mH05)
DEPTH
(METRES)
CONDUCTIVITY
(MICRO-MHOS)
128.10 1370.0 150.00 1560.0
130.00 1440.0 155.00 1560.0
131.00 1500.0 176.00 1550.0
132.00 1550.0 178.00 1550.0
133.00 1560.0 180.00 1550.0
134.00 1570.0 182.00 1550.0
135.00 1570.0 184.00 1570.0
140.00 1570.0 186.00 1570.0
145.00 1570.0


MUODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 52862283
SITE NAME MGQ1P
5 JUL 79
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICRO.•MHOS)
78.8/ 1620.0 137.00 1890.0
80.00 1810.0 138.00 1890.0
85.00 1820.0 139.00 1900.0
90.00 1820.0 140.00 1900.0
95.00 1820.0 141.00 1910.0
100.00 1820.0 142.00, 1900.0
105.00 1830.0 144.00 1910.0
110.00 1840.0 145.00 1890.0
115.00 1850.0 146.00 1890.0
120.00 1870.0 147.00 1930.0
125.00 1870.0 148.00 2000.0
130.00 1880.0 149.00 2000.0
135.00 1880.0 150.00 2090.0
136.00 1880.0 151.00 2170.0
muODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF'. 52872391
SITE NAME moU5P
12 JUL 79
DEPTH
(METRES)
CONDUCTIVITY
(MICRO-mHOS)
DEPTH
(METRES)
CONDUCTIVITY
(mICRO-mHOS)
80.10 1860.0 110.00 1840.0
81.00 1850.0 112.00 1840.0
85.00 1850.0 114.00 1850.0
90.00 1840.0 116.00 1850.0
95.00 1840.0 118.00 1850.0
100.00 1840.0 120.00 1910.0
105.00 1840.0 121.00 1920.0
muODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 53202498
SITE NAME MGO11P
16 JuL 79
DEPTH
(METRES)
CONDUCTIVITY
(MICRO-MHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICRO-mH05)
60.00 1850.0 108.00 2980.0
65.00 1840.0 110.00 3000.0
70.00 1830.0 115.00 3170.0
75.00 1810.0 120.00 3330.0
80.00 1820.0 125.00 3500.0
82.00 .1890.0 130.00 3580.0
84.00 1970.0 135.00 3670.0
86.00 2080.0 140.00 3780.0
88.00 220.0.0 145.00 3910.0
90.00 2280.0 150.00 4100.0
92.00 2380.0 152.00 4190.0
94.00 2510.0 154.00 4200.0
96.00 2610.0 156.00 4220.0
98.00 2700.0 158.00 4240.0
100.00 2760.0 160.00 4220.0
102.00 2870.0 162.00 4230.0
104.00 2920.0 163.00 4250.0
106.00 2970.0


MUODISHO RESOURCE STUDY
CUNDUCTIVITY LOG
ALL THE DATA
GRID REF. 53642341
SITE NAME MGO4T
2 JUL 79
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICRU...MHOS)
72.40 670.0 /30.00 1260.0
73.00 1000.0 135.00 1260.0
74.00 1220.0 140.00 1260,0
75.00 1220.0 143.00 1260.0
80.00 1230.0 144.00 1260.0
85.00 1230.0 145.00 1270.0
90.00 1230.0 146.00 1270.0
95.00 1230.0 147.00 1270.0
100.00 1230.0 148.00 1270.0
105.00 /230.0 149.00 1270.0
110.00 1230.0 150.00 1270.0
115.00 1240.0 154.00 1260.0
120.00 1240.0 155.00 1280.0
125.00 1250.0


MUODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 53822529
SITE NAME MGQ12P
16 JUL 79
DEPTH
(METRES)
CONDUCTIVITY
(MICRO4MHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICRO4MHOS)
58.00 500.0 105.00 670.0
60.00 590.0 110.00 700.0
65.00 620.0 112.00 700.0
70.00 620.0 114.00 700.0
75.00 620.0 116.00 700.0
80.00 620.0 118.00 700.0
85.00 620.0 120.00 700.0
90.00 620.0 122.00 700.0
95.00 620.0 124.00 700.0
100.00 620.0


MUODISHO RESOURCE STUDY
CONDUCTIVITY L06
ALL THE DATA
GRIP HEF. 54152322
SITE NAME MGQ3CP
17 OEC 78
DEPTH
(METRES)
CONDUCTIVITY
(MICROHMHOS)
DEPTH
(MtTRES)
CONDUCTIVITY
(MICRO-mHOS)
62.00 2120.0 120.00 2090.0
65.00 2100.0 125.00 2020.0
70.00 1980.0 130.00 2040,0
76.00 1860.0 135.00 2030.0
80.00 1840.0 138.00 2040.0
85.00 1920.0 139.00 2040.0
90.00 1950.0 140.00 2750.0
93.00 1790.0 141.00 3710.0
94.00 1750.0 142.00 3720.0
95.00 1740.0 143.00 3730.0
96.00 1650.0 144.00 3720.0
97,00 1680.0 145.00 3760.0
98.00 1690.0 146.00 3810.0
99.00 1790.0 147.00 3810.0
100.00 1850.0 148.00 3850.0
101.00 1800.0 149.00 3810.0
102.00 1900.0 150.00 3810.0
103.00 1820.0 151.00 3790.0
104.00 1890.0 153.00 3810.0
110.00 2000.0 155.00 3820.0
115.00 2060.0 156.00 3850.0
MUUDISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 54152322
SITE NAME MGU3CP
24 APR 79
DEPTH
(METRES)
CONDUCTIVITY
(MICRORMHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
61.80 690.0 95.00 860.0
65.00 680.0 100.00 970.0
70.00 680.0 104.00 1060.0
72.00 700.0 105.00 1000.0
73.00 790.0 110.00 1090.0
74.00 830.0 115.00 1090.0
75.00 840.0 120.00 1020.0
76.00 850.0 125.00 1020.0
77.00 860.0 130.00 1020.0
77.00 880.0 131.00 1180.0
79.00 850.0 132.00 1890.0
'80.00 810.0 133.00 2630.0
81.00 820.0 134.00 2640.0
82.00 810.0 135.00 2630.0
85.00 800.0 140.00 2640.0
87.00 830.0 145.00 2680.0
88.00 870.0 150.00 2690.0
89.00 1030.0 155.00 2680.0
90.00 970.0


MUODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID HEF. 54152322
SITE NAME MGQ3CP
21 JUN 79
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
61.80 700.0 110.00 1100.0
63.00 700.0 115.00 1010.0
64.00 700.0 120.00 1010.0
65.00 700.0 125.00 1010.0
66.00 700.0 130.00 1010.0
67.00 700.0 135.00 1010.0
68.00 700.0 140.00 1040.0
69.00 700.0 142.00 1060.0
70.00 700.0 143.00 1910.0
72.00 720.0 144.00 2570.0
73.00 820.0 145.00 2610.0
74.00 860.0 146.00 2650.0
75.00 850.0 147.00 2680.0
80.00 840.0 148.00 2690.0
85.00 830.0 149.00 2700.0
90.00 870.0 150.00 2700.0
95000 870.0 155.00 2710.0
100.00 1040.0 156.60 2710.0
105.00 1140.0


MUQUISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE UATA
GRID REF. 54152322
SITE NAME MGO3CP
19 SEP 79
DEPTH
(METRES)
CONDUCTIVITY
(MICRO-MHOS)
DEPTH
( METRES)
CONDUCTIVITY
(MICROMHOS)
61,84 680.0 120.00 1070.0
65.00 780.0 125.00 1080.0
70.00 780.0 130.00 1080.0
73.00 890.0 134.00 1180.0
74,00 900.0 135.00 2120.0
75.00 900.0 136.00 2780.0
80.00 890.0 137.00 2810.0
85.00 890.0 138.00 2810.0
90.00 870.0 139.00 2820.0
95.00 910.0 140.00 2830.0
98.00 1000.0 145.00 2850.0
100.00 1110.0 150.00 2880.0
105.00 1120.0 155.00 2880.0
110.00 1070.0 156.80 2880.0
115.00 1070.0


MOUDISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID HEF. 54152322
SITE NAME mG03CP
26 NOV 79
DEPTH
(METRES)


CONDUCTIVITY
(MICRU-MHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICRO-MHOS)
62.00


420.0 125.00 1490.0
70.00


430.0 126.00 3760.0
75.00


810.0 127.00 3870.0
80.00 ' 840.0 128.00 3880.0
85.00


890.0 129.00 3890.0
90.00


940.0 130.00 3900.0
95.00


1020.0 135.00 3900.0
100.00


1240.0 140.00 3890.0
105.00


1370.0 145.00 3790.0
110.00


1390.0 150.00 3730.0
115.00


1420.0 155.00 3490.0
120.00


1460.0


MDODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID kEF. 54322590
SITE NAME 1
16 JUL 79
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
49.10 462.0 70.00 452.0
50.00 448.0 75.00 461.0
55.00 458.0 80.00 455.0
60.00 454.0 65.00 460.0
65.00 470.0 90.00 467.0
muUUISHO RESOURCE STUUY
CONDUCTIVITY LOG
ALL THE DATA
GRIu REF. 54442455
SITE NAME (1603T
3 Jul_79
UEPTH
(METRES)
CONDUCTIVITY
(MICRU-MHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICRO-MHOS)
107,30 1020.0 141.00 1000.0
110.00 1020.0 142.00 1000.0
115.00 1020.0 143.00 1000.0
120.00 1020.0 144.00 1020.0
125.00 1020.0 145.00 1000.0
130.00 1020.0 146.00 1000.0
135.00 1010.0 148.00 1000.0
140.00 1000.0


MUCIDISHO RESOURCE STUDY
CONDUCTIVITY LUG
ALL THE OATA
GRID REF. 54442456
SITE NAME MGO7P
3 JUL 79
DEPTH
(METRES)
CONDUCTIVITY
(MICRO...MHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICROeMHOS)
107.60 91.0 135.00 910.0
109.00 910.0 136.00 910.0
110.00 910.0 137.00 910.0
115.00 910.0 138.00 910.0
120.00 900.0 139.00 910.0
125.00 900.0 140.00 910.0
130.00 910.0 142.00 910.0
134.00 910.0 144.00 920.0
muODISHO MESUURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 54552327
SITE NAME mGQ2CP
II JAN 79
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
DEPTH
(METRES)
CONDUCTIVIT.Y
(MICRUMHOS)
33.70 3590.0 80.00 6240.0
40.00 3550.0 81.00 6360.0
45.00 3450.0 85.00 6420.0
50.00 3380.0 90.00 6420.0
55.00 3310.0 95.00 6420.0
60.00 3240.0 100.00 6420.0
65.00 3220.0 110.00 6420.0
70.00 3310.0 115.00 6420.0
71.00 3560.0 120.00 6400.0
72.00 3680.0 125.00 6400.0
73.00 3760.0 130.00 6400.0
74.00 3950.0 135.00 6380.0
75.00 4120.0 140.00 6420.0
76.00 4410.0 145.00 6400.0
77.00 4680.0 150.00 7080.0
78.00 4950.0 155.00 7160.0
79.00 6200.0 160.00 7200.0
MOODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE UATA
GRID WEE. 54552327
SITE NAME MGQ2CP
24 APR 79
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS')
33.70 3300.0 85.00 6080.0
35.00 3280.0 90.00 6080.0
40.00 3280.0 95.00 6080.0
45.00 3270.0 100.00 6020.0
50.00 3260.0 105.00 6020.0
52.00 3270.0 110.00 6000.0
53.00 3420.0 115.00 6010.0
54.00 4000.0 120.00 6010.0
55.00 5040.0 125.00 6000.0
56.00 5700.0 130.00 6010.0
57.00 5800.0 135.00 6000.0
58.00 5800.0 140.00 6010.0
59.00 5800.0 145.00 6020.0
60.00 5800.0 147.00 6020.0
65.00 5800.0 148.00 6620.0
70.00 5800.0 150.00 6680.0
75.00 5800.0 155.00 6740.0
80.00 5980.0 160.00 6760.0
MUODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 54552327
SITE NAME MGQ2CP
21 JUN 79
DEPTH
(METRES)
CONDUCTIVITY
(MICRO...MHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
33.70 960.0 85.00 6300.0
34.00 1720.0 90.00 6280.0
35.00 3190.0 95.00 6280.0
36.00 3290.0 100.00 6280.0
37.00 3280.0 105.00 6280.0
38.00 3290.0 110.00 6280.0
39.00 3290.0 115.00 6280.0
40.00 3290.0 120.00 6240.0
45.00 3300.0 125.00 6240.0
50.00 3310.0 130.00 6240.0
51.00 3610.0 135.00 6240.0
52.00 4770.0 140.00 6240.0
53.00 5880.0 145.00 6220.0
54.00 5940.0 146.00 6280.0
55.00 5940.0 147.00 6300.0
60.00 5960.0 148.00 6600.0
65.00 5980.0 149.00 6940.0
70.00 6000.0 150.00 6940.0
75.00 6020.0 155.00 7000.0
80.00 6200.0 160.00 7040.0
MUODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 54552327
SITE NAME MGO2CP
19 SEP 79
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICRU..MHOS)
33.55 2640.0 100.00 6680.0
35.00 3120.0 105.00 6680.0
37.00 3540.0 110.00 6680.0
40.00 3540.0 115.00 6680.0
42.00 4600.0 120.00 6660.0
43.00 6100.0 125.00 6660.0
45.00 6340.0 130.00 6660.0
50.00 6360.0 135.00 6660.0
55.00 6369.0 140.00 6660.0
60.00 6360.0 145.00 6660.0
65.00 6400.0 146.00 6700.0
70.00 6400.0 148.00 7100.0
75.00 6420.0 150.00 7400.0
80.00 6560.0 155.00 1440.0
85.00 6700.0 160.00 7520.0
90.00 6700.0 161.70 7520.0
95.00 6700.0


MUODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 54552327
SITE NAME MGQ2CP
26 NOV 79
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)'
35.00 3310.0 105.00 6760.0
40.00 6340.0 110.00 6680.0
45.00 6440.0 115.00 6660.0
50.00 6440.0 120.00 6640.0
55.00 6400.0 125.00 6640.0
60.00 6400.0 130.00 6640.0
65.00 6420.0 135.00 6620.0
70.00 6440.0 140.00 6600.0
75.00 6480.0 145.00 6620.0
80.00 6660.0 148.00 7040.0
85.00 6720.0 149.00 7320.0
90.00 6700.0 150.00 7320.0
95.00 6660.0 155.00 7360.0
100.00 6680.0 160.00 7440.0
MUGOISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 54712315
SITE NAME MGO1CP
1 JAN 79
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICRO••MHOS)
13.90 8000.0 57.00 24600•0
20.00 8000.0 58.00 24500.0
25.00 8900.0 60.00 24900.0
30.00 8900.0 61.00 25100.0
35.00 8950.0 62.00 25600.0
40.00 9000.0 63.00 26900.0
45.00 9100.0 64.00 30500.0
48.00 10100.0 65.00 48100.0
50.00 11900.0 66.00 48800.0
51.00 18100.0 70.00 49200.0
52.00 23000.0 75.00 49100.0
53.00 23600.0 80.00 49100.0
54.00 23700.0 85.00 49100.0
56.00 24100.0 90.00 49200.0
muDDISHo RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 54712315
SITE NAME mGDICP
24 APR 79
DEPTh
(METRES)
CONDUCTIVITY
(M1CRUMHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICRO-MHOS)
13.80 6920.0 59.00 24300.0
15.00 7100.0 60.00 24300.0
20.00 7100.0 61.00 24700.0
25.00 7200.0 62.00 24900.0
30.00 7300.0 63.00 25600.0
35.00 7100.0 64.00 28000.0
40.00 7600.0 65.00 36200.0
45.00 8440.0 66.00 40000.0
47.00 10000.0 67.00 44700.0
48.00 12200.0 68.00 46500.0
49.00 15300.0 69.00 46500.0
50.00 16300.0 70.00 46700.0
51.00 17200.0 71.00 46800.0
52.00 23700.0 72.00 46800.0
53.00 24300.0 75.00 46800.0
54.00 24300.0 80.00 46800.0
55.00 24300.0 85.00 46900.0
56.00 24300.0 90.00 46900.0
57.00 24400.0 93.00 46900.0
58.00 24400.0


MUODISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 54712315
SITE NAME MGQ1CP
21 JUN 79
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICROMHOS)
13.80 6500.0 53.00 25100.0
14.00 7200.0 54.00 25100.0
15.00 7340.0 55.00 25100.0
16.00 7340.0 60.00 25200.0
17.00 7340.0 61.00 25500.0
18.00 7340.0 62.00 25900.0
19.00 7360.0 63.00 24600.0
20.00 7360.0 64.00 28900.0
25.00 7340.0 65.00 37500.0
30.00 7340.0 66.00 41500.0
35.00 7340.0 67.00 47300.0
40.00 7800.0 68.00 48200.0
45.00 9000.0 69.00 48200.0
46.00 9500.0 70.00 48300.0
47.00 10200.0 75.00 48600.0
48.00 12900.0 80.00 48700.0
49.00 16400.0 85.00 48800.0
50.00 16900.0 90.00 48800.0
51.00 17900.0 94.50 48800.0
52.00 24600.0


RUOOISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 54712315
SITE NAME MGQ1CP
19 SEP 79
DEPTH
(METRES)
CONDUCTIVITY
(MICROMH05)
DEPTH
(METRES)
CONDUCTIVITY
(MICROMH05)
13.80 6100.0 53.00 25300.0
14.00 7000.0 55.00 25300.0
15.00 7220.0 57.00 25400.0
20.00' 7900.0 59.00 25300.0
25.00 7900.0 60.00 25400.0
30.00 7900.0 62.00 26000.0
35.00 7920.0 63.00 26900.0
40.00 8180.0 64.00 28900.0
41.00 8400.0 65.00 37400.0
42.00 8550.0 66.00 41600.0
44.00 8740.0 67.00 48700.0
45.00 9200.0 68.00 49100.0
47.00 10000.0 70.00 49300.0
48.00 10220.0 75.00 49300.0
49.00 16600.0 80.00 49600.0
50.00 17200.0 85.00 49600.0
51.00 18000.0 90.00 49600.0
52.00 24800.0 94.30 49600.0
MUQOISHO RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 54712315
SITE NAME MGO1CP
26 NOV 79
DEPTH
(METRES)
CONDUCTIVITY
(MILROMHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICRO..-MHOS)
14.00 7080.0 50.00 17500.0
15.00 7380.0 51.00 19200.0
20.00 7880.0 52.00 24900.0
25.00 7920.0 53.00 25600.0
30.00 7920.0 54.00 25600.0
35.00 7920.0 55.00 25600.0
39.00 8040.0 60.00 25500.0
40.00 8340.0 64.00 29400.0
41.00 8560.0 65.00 38800.0
42.00 8680.0 66.00 42200.0
43.00 8760.0 67.00 49200.0
44.00 8820.0 70.00 49700.0
45.00 9440.0 75.00 49900.0
46.00 9300.0 80.00 50000.0
47.00 10600.0 85.00 49900.0
48.00 13800.0 90.00 49900.0
49.00 16800.0


moODISHo RESOURCE STUDY
CONDUCTIVITY LOG
ALL THE DATA
GRID REF. 55022437
SITE NAME mGQ8P
14 JuL 79
DEPTH
(METRES)
CONDUCTIVITY
(MICRO-mHOS)
DEPTH
(METRES)
CONDUCTIVITY
(MICRO-MHOS)
63.80 1620.0 105.00 1610.0
65.00 1620.0 110.00 1610.0
70.00 1610.0 112.00 1610.0
75.00 1610.0 114.00 1610.0
,80.00 1610.0 116.00 1610.0
85.00 1610.0 118.00 1610.0
90.00 1610.0 120.00 1610.0
95.00 1610.0 122.00 1620.0
100.00 1610.0


	DEPTHTEMPERATURE
	
(METRES)(CEGREES C)
	
59.1030.1
	
60.0030.5
mUUDISHO RESOURCE STUDY
TEMPERATURELOG
ALL THE DATA
GRID REF. 52092356
SITE NAMEmGO4P
9 JUL 79
MUODISHO RESOURCE STUDY
TEMPERATURE LUG
ALL TmE DATA
GRID kEF. 52122392
SITE NAME MGO3P
19 JUL 79
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
DEPTH
(METRES)
TEMPERATURE
(DEGREES C)
57.20 29.8 115.00 30.7
60.00 30.1 120.00 30.8
65.00 30.1 125.00 30.9
70.00 30.2 130.00 31.0
75.00 30.3 132.00 31.0
80.00 30.3 134.00 31.1
85.00 30.4 136.00 31.1
90.00 30.5 138.00 31.2
95.00 30.0 140.00 31.2
100.00 30.6 142.00 31.2
105.00 30.6 144.00 31.2
110.00 30.7


MuODISHO RESOURCE STUDY
TEMPERATURELOG
ALL TmE DATA
GRID REF. 52322302
SITE NAME mGU2P
12 JuL 79
DEPTH
(METRES)
TEMPERATURE
(CEGREES C)
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
128.81 30.6 160.00 31.3
130.00 30.9 165.00 31.3
131.00 31.1 170.00 31.3
132.00 31.1 174.00 31.3
133.00 31.1 176.00 31.3
134.00 31.1 178.00 31.3
135.00 31.1 180.00 31.4
140.00 31.2 182.00 31.4
145.00 31.2 184.00 31.5
150.00 31.3 186.00 31.5
155.00 31.3


MUDOISHO PESOURCE STUDY
;EMmERATURE LOG
ALL THE UATA
GRID PEfr. 52862283
SITE NAME mGOIP
JUL 79
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
78.87 30.4 137.00 34.1
80.00 32.7 138.00 34.0
85.00 32.8 139.00 33.8
90.00 33.1 140.00 33.8
95.00 33.2 141.00 33.8
100.00 33.3 142.00 33.8
105.00 33.4 144.00 33.8
110.00 33.5 145.00 33.6
115.00 33.6 146.00 33.5
12.00 34.0 147.00 33.4
12.5.00 34.1 148.00 33.2
130.00 34.3 149.00 33.2
135.00 34.8 150.00 33.2
136.00 34.3 151.00 33.2
MUODISHO RESOURCE STUD/
TEMPERATURE LOG
ALL THE DATA
GRID REF. 52072391
SITE NAME mGO5P
12 JUL 79
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
80.10 29.7 110.00 30.7
81.00 30.1 112.00 30.8
85.00 30.5 114.00 30.9
90.00 30.6 116.00 30.9
95.00 30.6 118.00 30.9
100.00 30.6 120.00 31.0
105.00 30.7 121.00 31.0
II
II
II
II
muuOISmO RESOURCE STUDY
rEMPERATuRE LO6
ALL Tmt DATA
GRID REF. 53202498
SITE NAME MG(.+11P
16 JUL 79
DEPTH
(mETRES)
TEmPERATURE
(DEGREESC)
DEPTH
(METRES)
TEMPERATURE
(DEGREES C)
60.00 29.1 108.00 30.6
65.00 29.7 110.00 30.6
70.00 30.1 115.00 31.0
75.00 30.2 120.00 31.1
80.00 30.2 125.00 31.2
82.00 30.3 130.00 31.2
84.00 30.4 135.00 31.2
86.00 30.5 140.00 31.2
88.00 30.5 145.00 31.2
90.00 30.6 150.00 31.2
92.00 30.6 152.00 31.2
94.00 30.6 154.00 31.2
96.00 30.6 156.00 31.2
98.00 30.6 158.00 31.1
100.00 30.7 160.00 31.1
102.00 30.7 162.00 31.0
104.00 30.7 163.00 30.8
106.00 30.8


MUUOISHU RESOURCt STUDY
TEM&ERATURE LOG
ALL THE DATA
GRID REF. 53642341
SITE NAME mGU44T
2 JUL 79
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
72.40 31.8 130.00 36.0
73.00 32.8 135.00 36.2
74.00 33.2 140.00 36.3
75.00 33.2 143.00 36.4
80.00 33.6 144.00 36.5
85.00 34.0 145.00 36.6
90.00 34.2 146.00 36.6
95.00 34.4 147.00 36.6
100.00 34.6 148.00 36.7
105.00 34.8 149.00 36.9
110.00 35.0 150.00 36.9
115.00 35.3 154.00 37.0
120.00 35.5 155.00 37.0
125.00 35.9


r4uu0I5n0RESOURCE stUDY
TEMPERATUkE LOG
ALL THt UATA
GRID HEF. 53822529
SITE NAME MGU12P
16 JUL 79
DEPTH
(METRES)
TEMPERATURE
(DEGREES C)


DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
58.00 26.7


105.00 27.1
60.00 26.8


•
110.00 27.1
65.00 26.8


112.00 27./
70.00' 26.9


114.00 27.1
75.00 27.0


116.00 27.1
80.00 27.0


118.00 27.1
85.00 27.0


120.00 27.1
90.00 27.0


122.00 27.1
95.00 27.0


124.00 27.1
100.00 27.0 La


muJOISHu kESuuRCE sruor
ILH-)LRATURELOG
ALL THE LiATA
GRID kEF. 5415322
SITE NAME MGO3CP
17 DEC 78
DEPTm
(METRES)
TEMPERATURE
(DEGREESC)
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
61.80 33.2 115.00 36.0
62.00 33.2 120.00 36.0
65.00 34.0 125.00 36.3
70.00 34.4 130.00 36.2
76.00 35.1 135.00 36.2
50.00 35.1 138.00 36.3
85.00 35.1 139.00 36.2
90.00 35.3 140.00 36.7
93.00 15.5 141.00 37.1
94.00 35.5 142.00 37.5
95.00 35.5 143.00 .37.5
96.00 35.5 144.00 37.5
97.00 35.5 145.00 37.5
98.00 35.5 146.00 37.5
99.00 35.5 147.00 37.7
100.00 35.5 148.00 37.7
101.00 36.0 149.00 37.7
102.00 36.0 150.00 37.7
103.00 36.0 153.00 37.7
'104.00 36.0 155.00 37.8
110.00 36.0 1E6.00 37.8
mDUDISHO RESOURCE STUD'''.
TEMRERATURE LOG
ALL THE UATA
GRIO 'REF. 54152322
SITE NAME MGQ3CP
24 APR 79
DEPTH
(METRES)
TEMPERATURE
(0EGREESC)
DEPTH
(METRES)
TEMPERATURE
(DEGREES C)
61.80 34.4 100.00 34.7
65.00 34.7 104.00 34.7
70.00 34.9 105.00 34.7
75.00 35.0 110.00 34.7
76.00 35.0 115.00 34.7
77.00 35.0 120.00 34.5
78.00 35.0 125.00 34.4
79.00 35.0 130.00 34.4
80.00 35.0 131.00 34.5
81.00 35.0 132.00 34.5
82.00 35.0 133.00 34.7
85.00 34.9 134.00 34.7
87.00 34.8 135.00 34.7
88.00 34.8 140.00 35.0
89.00 34.7 145.00 35.0
90.00 34.7 150.00 35.0
95.00 34.7 155.00 35.0
DEPTH
(METRES)
61.80
63.00
64.00
65.00
67.00
68.00
69.30
--70.00
772.00
75.00
80.00
90.00
95.00
100:0.0
105.00
MUDDISHO RESOURCE STUDY
TEMPERATURE LOG
ALL THE DATA
GRID REF. 54152322
SITE NAME MGO3CP
21 JuN 79
TEMPERATURE
(DEGREES C)
DEPTH
(METRES)
TEMPERATURE
(DEGREES C)
32.6 110.00 31.3
33.0 115.00 31.4
33.0 120.00 31.3
32.7 125.00 31.3
32.5 130.00 31.3
32.4 135.00 31.3
32.4 140.00 31.6
32.4 142.00 31.5
3.2.2 143.00 31.5
32.0 144.00 31.4
32.0 145.00 31.5
32.0 146.00 31.4
31.8 147.00 31.4
31.8 148.00 31.3
31.7 149.00 31.3
31.7 150.00 31.3
31.7 155.00 31.3
31.3 156.00 31.0
31.5


mukADISHu RESOURCE STuDY
TEfrPERATUkELai
ALL TME UATA
GRID kEF. 54152322
SITE.NAME MG(;i3CP
19 SEP 79
UEPTH
(METRES)
TEMPERATURE
(DEGREES C)
DEPTH
(METRES)
TEMPERATURE
(DEGREES C)
61.80 34.0


115.00 33.2
65.0-0 34.0


120.00 33.2
70.00 34.0


125.00 33.1
73.00 33.9


130.00 33.1
74.00 33.9


134.00 33.1
75.00 33.9


135.00 33.1
80.00 33.8


136.00 33.1
85.00 33.8


137.00 33.1
90.00 33.6
al•
138.00 33.1
95.00 33.5


139.00 33.2
98.00 33.5


140.00 33.2
100.00 33.4


145.00 33.2
105.00 33.4


150.00 33.2
110.00 33.2


155.00 33.1
muQUISHO RESOURCE STUDY
TEMRERATuRE LOG
ALL THE DATA
DRIu HO-. 54322590
SITE NAME 1
16 JuL 79
DEPTH
(METRES)
TEMPERATURE
(DEGREES(-)
DEPTH
(METRES)
TEmPERATURE
(DEGREESC)
49.10 28.2 70.00 27.5
50.00 28.1 75.00 27.5
55.00 28.0 80.00 27.5
60.00 27.8 85.00 27.4
65.00 27.7 90.00 27.4
muLiUISmORESUuRCE STUDY
TEMPERATURE LOG
ALL THE UATA
GPIL)REF. 54442455
SITE 1,4;.mE mG(J3T
3 juL 79
DEPTH
(mETRES)
TEMPERATURE
(DEGREESC)
DEPTH
(mETRES)
TEMPERATURE
(DEGREESC)
107.30 31.8 141.00 32.9
110.00 32.0 142.00 33.0
115.00 32.1 143.00 33.0
120.00 32.2 144.00 33.1
125.00 32.4 145.00 33.1
130.00 32.6 146.00 33.1
135.00 32.7 148.00 33.1
140.00 32.8


kESUUkCE STuuy
TEmREHATukE LOG
ALL THE DATA
GRIU REfr. 54442456
SITE NAME muu7P
3 JuL 79
DEPTH
(METRES)
TEMPERATURE
(UEGkEES C)
DEPTH
(METRES)
TEMPERATURE
(DEGREES C)
107.60 31.3 135.00 32.4
109.00 31.7 136.00 32.4
110.00 31.8 137.00 32.4
115.00 31.9 138.00 32.5
120.00 32.0 139.00 32.7
125.00 32.1 140.00 32.6
130.00 32.2 142.00 32.8
134.00 32.3 144.00 32.8
mui,DISHORESOukCE STUDY
TEMPERATURE LOG
ALL THE DATA
GRID kEF. 54552327
SITE NAME mGU2CP
11 JAN 79
DEPTH
(METRES)
TEmPEkATuRE
(CEuHEES C)
Di=PTH
(mETRES)
TEMPERATu9E
(DEGREESC)
33.70 32.0 80.00 35.5
40,00 32.0 81.00 36.0
45.00 33.1 85.00 36.7
50.00' 33.2 90.00 37.1
55.00 33.6 95.00 37.1
60.00 33.8 100.00 37.1
65.00 34.0 110.00 37.5
70.00 34.0 115.00 37.6
71.00 34.0 120.00 37.6
72.00 34.2 125.00 37.6
73.00 34.2 130.00 37.8
74.00 34.4 135.00 37.8
75.00 34.4 140.00 37.8
76.00 34.5 145.00 37.8
77.00 34.5 150.00 38.3
78.00 34.5 155.00 38.3
79.00 35.1 160.00 35.3
muuOISmu HESOURCE 51(JUY
TEmPEATukE LUG
ALL THE wATA
GRIU KEF. 54552327
SITE NAME mG(42CH
24 APk 79
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)


DEPTH
(METRES)
TEMPERATURg
(DEGREESC)
33.70 34.0


85.00 36.3
35.00 34.1


90.00 36.3
40.00 34.2


95.00 36.3
45.00 34.5


100.00 36.3
50.00 34.5


105.00 36.3
52.00 34,5


110.00 36.3
53.00 34.6


115.00 36.2
54.00 34.6


120.00 36.2
55.00 34.6


125.00 36.2
56.00 34.8


130.00 36.2
57.00 34.8


135.00 36.2
58.00 34.8


140.00 36.0
59.00 34.8


145.00 36.0
60.00 34.9


142.00 36.0
65.00 34.9 • 148.00 36.1
70.00 35.1


150.00 36.1
75.00 35.4


155.00 36.1
80.00 35.5


160.00 36.1
1
1
MUUDISHO RESOURCE STUDY
TEMPERATURE LW.)
ALL THE DATA
GRIi;REF. 555327
SITE NAmE ms()2CP
21 JUN 79
DEPTH
(METRES)
TEmPERATURE
(DEGREESC)
DEPTH
(METRES)
TEmPERATUriE
(DEGREESC)
33.70 31.7 85.00 34.0
34.00 31.9 c0.00 33.8
32.40 35.0 95.00 33.6
36.00 32.5 100.00 33.6
37.00 32.5 105.00 33.5
38.00 32.5 110.00 33.5
39.00 32.3 115.00 33.5
40.00 32.3 120.00 33.2
45.00 32.3 125.00 33.2
50.00 32.3 130.00 33.2
51.00 32.0 135.00 33.2
52.00 31.8 140.00 33.2
53.00 31.6 145.00 33.2
54.00 31.8 146.00 33.2
55.00 31.8 147.00 33.0
60.00 31.8 148.00 33.1
65.00 31.8 149.00 33.1
70.00 31.8 150.00 33.2
75.00 32.3 155.00 33.2
80.00 33.2 160.00 33.2
mJJOISHO r(EsuuRCEsTuur
TLMPERATUftt LUG
ALL THE DATA
GRID HEF. 54552327
SITE NAML m6U2CP
19 SEP 79
DEPTH
(METRES)
33.70
35.00
37.00
40.00
42.00
TEMMERATURE
(DEGREESC)
32.0
32.6
32.6
32.6
33.1


DEPTH
(METRES)
95.00
100.00
105.00
110.00
115.00
TEMPERATURE
(DEGREESC)
35.2
35.2
35.2
35.2
35.0
43.00 33.1


120.00 34.9
45.00 32.9


125.00 34.9
50.00 32.9


130.00 34.8
55.00 3.2.9


135.00 34.7
60.00 33.1


140.00 34.7
65.00 33.1


145.00 34.7
70.00 33.2


146.00 34.7
75.00 33.2


148.00 34.7
60.00 33.9


150.00 34.7
85.00 35.2 • 155.00 34.7
90.00 35.2


160.00 34.7
rJGUISmC RESOURCE STUDY
TEMPEdATUkE LOG
ALL THE DATA
6R10 pREF. 54552321
SITE NAHE mcit.,2CP
26 NOV 79
DEPTH
(METRES)
TEmPERLTURE
(CEGkEESC)
DEPTH
(HETRES)
TEMPERATUF:(E
(DEGREES C)
35.00 32.6 105.00 36.3
40.00 31.7 110.00 35.9
45.00 33.2 115.00 35.9
50.00 33.2 120.00 35.5
55.00 33.2 125.00 35.5
60.00 33.2 130.00 35.5
65.00 33.2 135.00 35.1
70.00 33.2 140.00 34.8
75.00 33.6 145.00 34.9
80.00 34.8 148.00 34.8
85.00 34.8 149.00 34.8
90.00 35.1 150.00 34.8
95.00 35.1 155.00 34.8
100.00 35.1 160.00 34,8
muUOISHO RESOURCE STUDY
TEmPERATuNE LOG
ALL THE DATA
GRID RE. 5471e315
SITE NAME mGu1CP
1 JAN 79
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
13.90 30.1 58.00 33.2
20.00 31.7 61.00 33.4
25.00 31.8 62.00 33.4
30.00 32.0 63.00 33.4
32.40 32.0 64.00 33.4
40.00 32.0 65.00 33.4
45.00 35.0 66.00 33.4
48.00 32.6 70.00 34.4
50.00 32.6 75.00 34.4
51.00 32.6 80.00 34.4
52.00 32.8 85.00 34.5
53.00 33.0 90.00 34.7
•56.00 33.2


muk;DISHORESOURCE STUDY
TEMPERATURE LO6
ALL THE DATA
GRIL:REF. 547123I5
SITE NAME MGOICe'
24 APR 79
DEPTH
(METHES)
TEMPERATURE
(DEGREESC)
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
13.90 32.0 58.00 33.3
15.00 32.0 59.00 33.4
20.00 32.0 60.00 33.4
25.00 32.5 61.00 33.4
30.00 32.5 62.00 33.5
32.50 32.6 63.00 33.6
40.00 32.8 64.00 33.7
45.00 32.8 65.00 33.7
47.00 33.0 66.00 33.7
48.00 33.0 67.00 33.7
49.00 33.1 68.00 33.8
50.00 33.1 69.00 33.8
51.00 33.2 70.00 34.0
52.00 33.2 71.00 34.0
53.00 33.2. 72.00 34.0
54.00 33.2 75.00 34.1
55.00 33.2 80.00 34.1
56.00 33.2 85.00 34.1
57.00 33.3 90.00 34.1
muuDISHO RESOUHCL sTUUY
TEmr'EkATuHELLW
ALL TmE LJATA
GRID ku. 54712315
SITE NAME MGQ1CP
21 JuN 79
DEPTH
(METRES)
TEMPERATUkE
(DEGREESC)
DEPTH
(METRES)
TEMPERATURE
(DEGkEES C)
13.90 30.7 55.00 32.9
15.00 30.8 56.00 33.0
16.00 30.8 57.00 33.0
17.00 31.1 .58.00 33.0
18.00 31.1 59.00 33.0
19.00 31.2 60.00 33.0
20.00 31.3 61.00 33.0
20.00 31.3 62.00 33.0
25.00 31.6 63.00 33.0
30.00 31.6 64.00 33.0
35.00 31.8 65.00 33.0
40.00 32.0 66.00 33.0
45.00 32.0 67.00 33.1
46.00 32.4 68.00 33.1
47.00 32.5 69.00 33.1
48.00 32.5 70.00 33.2
49.00 32.6 75.00 33.2
50.00 32.6 80.00 33.2
51.00 32.7 85.00 33.2
52.00 32.7 90.00 33.2
53.00 32.8 94.50 33.2
54.00 32.9


mUuDISno RESOURCE STUDY
TEMPERATURE LOu
ALL TmE DATA
GRID REF. 54712315
SITE mCiU1CH
19 SEP 79
DEPTH
(METRES)
TEMPERATURE
(OELIkEESC)
DEPTH
(METRES)
TEMPERATURE
(DEGREESC)
13.90 28.2 53.00 32.6
14.00 30.9 55.00 32.6
15.00 31.0 57.00 32.6
20.00' 31.3 59.00 32.7
25.00 31.7 60.00 32.7
30.00 31.7 62.00 32.7
35.00 31.8 63.00 32.7
40.00 31.7 64.00 32.7
41.00 31.7 65.00 32.7
42.00 31.7 66.00 32.7
44.00 32.3 67.00 32.8
4 5.00 32.5 68.00 32.8
47.00 32.6 70.00 32.8
48.00 32.6 75.00 32.9
49.00 32.6. 80.00 32.8
50.00 32.6 65.00 32.8
51.00 32.6 90.00 32.8
52.00 32.6 94.00 32.8


.APPETINF
aAIN SUE ANALYSIS
Duringtheinvestigationa totalof 13 samplesfromobservationboreholes
MGQ1P to 813and10PandfromtestwellsMGQ1T to 3Tweretaken. Except
forboreholesMCRI1P and3P allthesamplesweretakenfromthedepthswhich
weretObe screened.Thesesamplesweresievedtodeterminethegrainsize
distributiona dtheresultsarepresentedina tabularform,expressedin
termsof cumulativepercentbyweightretained.
Unfortunatelythesamplesanalysedpossesseda degreeof secondarycementation
sufficienttogiverisetomisleadingresults. Onlyonesample,fromMGQ6P;
gavesufficientlygoodresultsthatcouldbe used,FigureF.1.
Grainsizeanalysiscun-esareusedtoprovidethebasisfortheselectionof
thegravelpack,whichinturndeterminestheslotsizeof thescreen. Figure
.F.1alsoshowsthegravelpackgrainsizedistributionchosenfortheproduction
boreholesin thestageI,ILAandIIBwellfields.
MGCI SP • Uniformity Coefficient = 3.0
Gravel Pack — Uniformity Coefficient = 1.6
at SIEVES
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Figure F.1
AQUIFERGRAINSIZEANALYSES

WELL110Q1P
DEPTHOF SAMPLE120m.
hEIGHTOF SAMPLE300g.



B.S.Sievesize Opening Weight % Retained Cumulative


innrs Retained


% Retained


grammes


4.8 4 1.33 1.33
3/16in.



1in. 3.1 14 4.67 6.0
No 7 2.3 12 4.00 10.0
No 14 1.3 19 6.33 16.3
No 25 0.59 5 1.67 18.0
No 36 0.41 3 1.00. 19.0
No 52 0.18 5 1.67 20.7
No 72 0.11 24 8.00 28.7
No 100 0.105 72 24.00 52.7
No 200 0.073 42 14.00 66.7
PassingNo 200


100 33.33 99.7
WELLMGQ- 1P



DEPTHOF SANPLE 148-151m.



WEIGHTOFSAMPLE SOOg



1 in 6.3 19, 3.80 3.8
3/16in 4.8 24 4.80 8.60
1 in 3.1 65 13.00 21.6
No 7 2.3 33 6.60 28.2
No 14 1.3 40 8.00 36.2
No 25 0.59 17 3.40 39.6
No 36 0.41 12 2.40 42.0
No 52 0.18 16 3.20 45.2
No 72 0.11 31 6.20 51.4.
No 100 0.105 33 6.60 58.0
No 200 0.073 45 9.00 67.0
Passing200


165 33.00 100
WELLMGQ2P
DEPTHOF SAMPLE 175- 187m
WEIGHTOF SAMPLE700g
B.S.Sievesize Opening Weight % Retained CUMUlative
inmils Retained % Retained
gramMes

i•g in 3.1 2 0.29 0;29
No 7 2.3 2 0.29 0.58
No 14 1.3 6 0.85 1.43
No 25 0.59 35 5.00 6.43
No 36 0.41 165 23.57 30.0
No 52 0.18 133 19.00 49.0
No 72 0.11 148 21.14 70.14
No 100 0.106 91 13.00 83.14
No 200 0.073 30 4.29 87.43
Passing200


88 12.57 100
WELLMG03P



DEPTHOF SANTLE132-142m



WEIGiTOF SAMPLE700g



1
	in
4 sn 6.3 19 2.71 2.71
3/16in 4.8 36 5.15 7.86
1 in8 3.1 39 5.57 13.43
No 7 2.3 5 0.71 14.14
No 14 1.3 4 0.57 14.71
No 25 0.59 1 0.14 14.85
No 36 0.41 5 0.71 15.56
No 52 0.18 55 7.86 23.42
No 72 0.11 159 22.72 46.14
No 100 0.106 179 25.57 71.71
No 200 0.073 69 9.86 81.57
Passing200


129 18.43 100
WELLMGQ1T
DEPTHOF SAMFIE 140 m
WEIGHTOF SAMPLE1000g
B.S.Sievesize Opening Weight % Retained 'Cumulative
inrams Retained % Retained
grammes

4 in 6.3 18 1.8 1.8
3/16in 4.8 58 5.8 7.6
I in 3.1 125 12.50 20.1
No 7 2.3 38 3.80 23.9
No 14 1.3 27 2.70 26.6
No 25 0.59 5 0.50 27.1
No 36 0.41 14 1.40 28.5
No 52 0.18 72 7.20 35.7
No 72 0.11 230 23.00 58.7
No 100 0.106 145 14.50 73.2
No 200 0.073 52 5.20 78.4
Passing200


216 21.60 100
WELLMGQ4P



DEPTHOF SAMPLE115-127m



WEIGHTOF SAgPLE 1000 g



3/16in 4.8 20 2.0 2
1,in 3.1 58 5.80 7.80
No 7 2.3 24 2.40 10.2
No 14 1.3 24 2.40 12.6
No 25 0.59 6 0.60 13.2
No 36 0.41 20 2.00 15.2
No 52 0.18 75 7.50 22.7
No 72 0.11 337 33.70 56.4
No 100 0.106 183 18.30 74.7
No 200 0.073 60 6.00 80.7
Passing203


195 19.30 100
WELLMGQ5P
DEPTHOF SAMPLE112-124m
WEIGHTOF SAMPLE1000g
B.S.SieveSizeOpening Weight % Retained Cumulative
inmats Retained


% Retained


Grammes


No 72.3 5 0.5 0.5
No 141.3 3 0.3 0.8
No 250.59 2 0.2 1.0
No 360.41 7 0.7 1.7
No 520.18 44 4.4 6.1
No 720.11 200 20.00 26.1
No 1000.106 387 38.70 64.8
No 2000.073 112 11.20 76.0
Passing200 240 24.00 100
WELLMGQ6P



DEPTHOF SAMPLE170- 182m



WEIGHTOF SAMPLE1000g



No 360.41 16 1.6 1.6
No 520.18 44 4.40 6.0
No 720.11 214 21.40 27.4
No 1000.106 347 34.70 62.1
No 2000.073 239 23.90 86.0
Passing200 140 14.00 100
WELLMCP 2T
DEPTHOF SA!,TIE17Sm
hEIGHTOF SMPLE 1003g
B.S.SieveSi:eOpening Weight % Retained Cumulative
in =LS Retained


% Retained


Grammes


No 141.3 2


0.20 .20
No 230.59 7


0.70 .90
No 360.41 37


3.70 4.60
No 520.18 87


8.70 13.3
No 720.11 290


29.0 42.3
No 1000.106 144


14.40 56.7
No 2000.073 99


9.50 66.6
Passing200 334


33.40 100
WELLMCP 7P



DEPTHOF SMPLE 138-144m



WEIGHTOF SAMPLESOO g



1 in3.1 4


0.80 0.80
No 72.3 2 ' 0.40 1.20
No 141.3 2


0.40 1.60
No 250.59 15


3.00 4.60
No 360.41 37


7.40 12.0
No 520.18 52


10.40 22.4
No 720.11 91


18.20 40.6
No 1000.106 110


22.00 62.6
No 2000.0-3 59


11.80 74.4
Passing200 128


25.6 100
WELLMGQ3T
DEPTHOF SAMPLE140m
WEIGHTOF SAMPLE1000g
B.S.SieveSizeOpening


Weight % Retained Cumilative
inmons


Retained


% Retained


• Grammes


No 141.3


2 0.20 0.20
No 250.59


4 0.40 0.60
No 360.41


18 1.80 2.40
No 520.18


68 6.80 9.20
No 720.11


225 22.50 31.7
No 1000.106


266 26.60 58.3
No 2000.073


164 16.40 74.7
Passing200


253 25.30 100
WELLMGQ8P



DEPTHOF SAMPLE18.5m



WEIGHTOF SAMPLE300g
1 in3.1


7 2.33 2.33
No 72.3


3 1.00 3.33
No 141.3


7 2.33 5.66
No 250.59


81 27.00 32.66
No 360.41


64 21.34 54.00
No 520.18


30 10.00 64.00
No 720.11


30 10.00 74.00
No 1000.106


15 5.00 79.00
No 2000.073


20 6.67 85.67
Passing200


43 14.33 100
WELLMC0 10P
DEPTHOF SAMPLE144-147m
WEIGHTOF SAMPLE1000g
B.S.SieveSize Opening Weiaht % Retained Cumulative


inEMS Retained


% Retained


Grammes


6 in 3.1 3 0.30 0.30
No 7 2.3 3 0.30 0.60
No 14 1.3


0.40 1.00
No 25 0.59


0.50 1.50
No 36 0.41 40 4.00 5.50
No 52 0.13 134 13.4 18.9
No 72 0.11 1-7 27.2 46.1
No 100 0.106 721 22.1 68.2
No 200 0.073 76 7.60 75.8
Passing200


242 24.2 100
á
APPENDIXG
MATHEMATICALBASISFORTHECOMPUTERMODELS
InChapters3 and4 of themainreportextensiveusewasmadeof
digitalgroundwatermodellingtechniques.Inthisappendixwe describe
brieflysomeof theunderlyingmathematics.
G.1 THEGOVERNINGEQUATION
Themodelhasinputsofrecharge/abstractionandtheparametersof
transmissivityandstoragecoefficientwith,as output,thewaterlevels.
Thetransmissivityparameterdescribestheresistanceof theaquiferto
waterflugingthroughitandthestoragecoefficientthecapacityof the
aquiferto storewater.Therelationbetweentheinputsandoutputisa
partialdifferentialequation,describingunconfinedgroundwaterflow,with
suitableboundaryconditions.
V. (TV) = 30 (1)
3 3where V = ,--7)is thedifferentialoperator
T(x,y)is thespatialdistributionf transmissivity(m2/day),
0(x,y,t)is thewater-level(m)
q(x,y,t)istherechargeor abstraction(113/day)
S(x,y) isthespatialdistributionf storagecoefficient
and t isthetimebase(days)
Theequation(1)hasbeensimplifiedbymakingcertainassumptionsabout
thenatureof theflowin theaquifer:
(a) Thatverticalflowin theaquiferisnegligiblecomparedto the
horizontalcomponents.Thisisa reasonableassumptionexceptin
thevicinityof thesaltwaterwedgeat thecoastsincethemaximum
saturatedthicknessisabout140m comparedto thehorizontal
dimensionsare30-80km. Thishasallowedthemodeltohavejust
twospatialdimensions{i.e.V canbe definedas (3/3x,3/3y)}
(b) Inunconfinedaquifers,suchas theMuqdishoaquifer,the
parameterof transmissivityshouldstrictlybe consideredas the
verticalintegralof permeabilitywithsaturatedthickness.
Howeversincetheobservedgroundwaterfluctuationsarerarely
greaterthanoneor twometresandthedeclineinpumpingwater
levelsin theareaof theBalcadroadwellfieldrangesbetween
5 and10m in the7 years(lessthan7%of thesaturatedthickness)
transmissivitycanbe consideredindependentof thesaturated
thickness.
FigureG.1showstheextentof theregionsincludedin thegroundwater
modellingstudieswiththepositionof themodelboundariesrelativeto the
majortownsandroads,theriverShabeelleandtheIndianOcean.Thesmaller
area(P'Q'R' S'),whichhasbeenusedforboththeestimationof
transmdssivity(Chapter3) andin thepredictionsof thelikelyresponseof
theaquiferto furtherlargescaleabstractionsin thevicinityofMuqdisho
(Chapter4)is referredto as thestudyarea. Whereasthelargerarea(PQRS),
whichhasbeenusedto investigateboththemechanismof riverrechargeand
theotherboundariesinthemodellingof thestudyarea,isreferredto as
theregionalarea. Equation(1)is subjectoboundaryconditionsaroundboth
theseareas.TheboundariesPQ,QS andRS of theregionalareamodeland
P'Q',Q'S'andR'S'of thestudyareamodel(forcalibrationa dmanagement)
areimpermeable;xpressedmathematicallyas
rjE= 0 , wheren isa
directionvectornormalto theboundary.Flowpassingoverthoseboundaries
is representedby an inputor outputofwaterinareasadjacento the
boundaries.Thecommonboundary(PP' S' S) is alignedparallelto thecoast
andhasbeenrepresentedinbothmodelsas a constant(zero)headboundary
becausetheavailablehydrogeologicalfieldevidencesuggeststhataquiferis in
excellenthydraulicontactwiththesea;expressedmathematicallyas 14)= 01.
G.2 STEADY-STATEPROBLEM
To reducethenumberofparametersrequiringcalibrationa steady-state
descriptionof theflowin theMuqdishoaquiferwasused. Thisdescription
hasno timedependencyandcanbe thoughtof asgivenan equilibriumor
averageresponseto timeindependentrecharge.As longas careif takenin
verifyingthatthewater-levelsarenotvaryingquickly,thesteady-state
solutioncanbe usedto investigatehespatialdistributionfbothTecharge
andtransmdssivity.
10 Km INDIAN OCEAN
GROUNDWATERMODELAREAS
FigureG.1
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Inmathematicalterms(1)becomes
V. (TVO)= - q
_ _
with¢ = ¢(x,y)andq = q(x,y);theothertermsbeingas in (1)
G.3 THENUMERICALAPPROXIMATION
(2)
Invariablyequations(1)and(2)cannotbe solvedby exactanalytical
meansandsoan approximatesolutionis foundoverdiscreteareasandtime
intervalsisfound.Takingthesimpleequation(2)theapproximatefinite
differenceequationsare
AxT (Axij+1 41j+1 (Pij) -E)7Tij-1(Gij cbij-1)
+ legT. ,. (o. - ¢..)+ AA4T. 1. (4).. - 11).,.) - AxAyqij (3)LX 1-1-fl '1+13 13 LA 1-i) 1) 1-13
foranareatxbyAylabelled(i,j)..is thewaterlevelandij-1¢. 0 ,
 
etcaretheneighbouringlevels.T.„ T. i etcaretheinter-nodalij+2 ij,--
transmissivities(usingtheharmonicmeanof .t.hen ighbouringodalvalues)•
and.is therecharge.Forthedifferentstagesin themodeldevelopmentqij
thesizesof thediscreteareaswerevariedtomirrortheuncertaintyof the
dataandtherequirementsof theresults.Thus,in theregionalmodelthe
areaAx Aywas10kmby 10 km,fortheestimationof transmissivityitwas
10km by 5 km andinthemanagementmodelitwas5 km by 5 km. Equation(3)
describesthecontribution,fromneighbouringareas,of theflowintoand
outof a generalarea(i,j).Thereforetherewillbe asmanyequations(3)
as areascoveringthemodelarea.
Theseequations,havebeensolvedin allcasesby thenumericalmethod
of successiveover-relaxation(SOR).Themethodrequiresan initial
estimateof thewaterlevelsvdtichis theniterativelyrefineduntilthe
requirednumericalaccuracyis obtained(Smith1;1965).Therelaxation
refersto a factor,determinedinthefirstfewiterationswitha value,
between1 and2,whichimprovestheconvergenceof themethod.
Smith,G.p.,2965. 1:47ericalSolutionof PartialDifftrential.Equations,
OxfordUniversityPress,Oxford.
6.4 CALIBRATICNNETHOE6
For estimatingrecharge
Thesteadystatemodel,definedovertheregionalarea,Figure6.2,
estimatesthewaterlevelsgiveninputsor transmissivitiesandrecharge.
Theoptimizationroutinecomparesthesemodelpredictedwaterlevelswith
thoseobserved(fromfielddata)andcalculatessuitablechangesinthe
rechargesubjecto theconstraintson itsdistributionwhilstleavingthe
transmissivitiesunChanged.Inmathematicaltermsthiscomparisoncanbe
expressedintermsof anerrorfunctionwhichrequiresminimization,
j(s.(171))=1(m); T)
'1) (4)
wherethesummationis takenoverallthenodes,
q(111)is themthiterateof thevectorof recharges,
T is theconstantransmissivityvalue,
qp..isthemodelpredictedwaterlevel at (ij)
and w..is theobservedwaterlevel.
InfaCt,equation(4)definesa leastsquareserrorfunctionwhichleads
to goodunbiassedestimatesof therecharges,q(m)whenJ(a(m))isminimized.
Theoptimizationroutineusesa modificationfNewton'smethod:
a(m+l) = q(m)+ G(m)v(m)
whereG(m)is thematrixof secondderivativesof J withrespectoa (the
Hessian)evaluatedatq(m)andv() thevectorof firstderivatives.
Newton'smethodcanbe derivedirectlyfroma Taylorexpansionaroundthe
solutionignoringthirdandhigherderivativesandthusit implicitlyassunes
thattheerrorsurfaceisquadraticaroundtheoptimum.Unfortunately
Newton'smethoddoesnotalwaysconvergeto a solutionandis invariably
plaguedwithproblemsconcerningtheinitialvalues.
Indeed,if at anyiterationG isnotpositivedefinite(x'G x > 0,where
x isan arbitraryvector)themethodcanactuallymakethesolutionworse
by increasingthevalueof J. Consequentlyforthisproblema modified
NewtonmethodhasbeenusedWherethematrixG isreplacedforsomeof the
op)
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10Km INDIAN OCEAN
REGIONALGROUNDWATERMODEL •
NOTE
Waterlevelswithinnodesaregivenaselevationsinm.
Positionsof riverrechargenodesaremarked(A)and (D)
Positionsof boundarygroundwaterflowsaremarked(B)
Positionsof directevaporationfromgroundwatera emarked(C)
Figure0.2
iterationsby anothermatrixwhichispositivedefinitevenwhenG isnot.
Thequalityof fittingcanbe comparedby expressingtheoverall
differenceas therootmeansquareerror,correctedforthenumberof estimated
rechargeparameters.Thusif q* istheoptimumq(m)with,say,p valuesthen
ther.m.s.erroris
/E f(q*- T) - w..12
ij 
ER -AW)

n - p (5)n-p
wheren is thenumberofnodes(i,j).
For estimatingtrmismissivity
Thesteadystatemodeldefinedoverthestudyarea,Figure(3.3,isused
fortheestimationof transmissivities.Theoptimizationroutinecomparesthe
modelpredictedwaterlevelswiththoseobservedandcalculatessuitable
changesin thetransmissivitywhilstleavingtherechargeunchanged.The
errorfunctionrequiredforminimizationis
J(T(m))=g(m);-ij —ij 

wherethesummationis takenoverallthenodesof thestudyareamodel,
T(m) is themthiterateof thevectorof transmissivities
in theoptimizationroutine,
a is therelevantpartof theq* estimatedabove(givingthe
riverrechargeandboundaryflows),
q).. is themodelpredictedwaterlevelin the studyarea,3.3
and u.. is theobservedlevelat (ij)in thestudyarea13
Thesamenumericaloptimizationroutinewasusedfortheestimationof
thetransmissivitiesas describedabove.Thequalityof thefitof theoptimum
transmissivitiesT* canbe gaugedby usingtherootmeansquareerror,ie
ircF) ET= (E*;9) - u--)213 

wherev are.thenumber.of areasin thestudyarea.
LkProportion of river recharge between Balead & Algoave - -.4275 H
Bel0
THE COMPONENTS OF RECHARGE & GROUNDWATER FLOW INTO THE STUDY AREA
Figure G.3
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APPENDIXH
USEOFMODELSAS A HYDROGEOLOGICALTCOL
Therearedifficultiesa sociatedwithmeasuringmanyof thehydrogeological
parametersrequiredfortheaquifermanageffentmodel. Thishasnecessitated
theextensiveuseofmathematicalmethodsto estimateparametersfrom
thosedatathatcanbemeasured-principallywaterlevelobservations.These
methodsarecollectivelydescribedasmodelcalibration.Thecalibrationf
MuqdishoaquifermodelhaSbeendividedintotwostages!estimatingrecharge
andestimatingtransmissivity.
Theremaininghydrogeologicalparameter,namelythestoragecoefficient,
hasbeenestimatedpurelyfrompumpingtestresults(AppendixB).
Calculatingthedistributionf riverShabeellerechargeintotheaquifer
hasrequiredparticularattentionsincethisrechargeffectstheestimation
of thegroundwaterresourceandthus howthatresourceisbestmanaged.
Consequentlywe haveexaminedthegroundwaterflowin a largerregional
setting;sinceinthiswaydifferentinterpretationsf therechargemechanism
canbe interrogatedandtheamountsof rechargestimated.Fortheestimation
of transmissivitya moredetailedmodelcoveringonlythestudyareawasused.
Thustwocalibrationmodels,dealingwithdifferentbutembeddedareas,have
beendiscussedinChapter3 andareshowninFigure1-1.1.
In thisappendixwe areconcernedwiththehydrogeologicalinterpretation
of thecalibrationresults;theunderlyingmathematicshasbeendescribedin
AppendixG.
H.1 RECIIARGEESTIMATION
Thewaterlevelmap,FigureH.2,fromtheHunting'sreport(1969)formed
thebasisforthisregionalverificationf theriverShabeellerechargeand
boundaryflows.FigureH.3showsthegridoutline,dividedintodiscretelements,
forthemodelof theregionalarea. Thegridconsistsof (13x 8) 10km squares
alignedparallelto theIndianOcean.Themarkednodes,in FigureH.3show
wherevaluesof rechargewereestimated.ThenodesmarkedA arethoseon the
riverwhichareadjacento thestudyarea, uhereasthosenodesmarkedD are
therestof theriver. The boundaryoftheregionalmodel,excludingthesea
boundary,aremarkedB. ThosemarkedC arethesitesof possiblevaporation
losses.Differentcombinationsof thesemarkednodeswereusedto test
•
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•
FigureH.1
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10Km INDIAN OCEAN
REGIONALGROUNDWATERMODEL
NOTE
Waterlevelswithinnodesaregivenas elevationsinm.
Positionsof riverrechargenodesaremarked(A)and(D)
Positionsofboundarygroundwaterflowsaremarked(B)
Positionsof directevaporationfromgroundwatera emarked(C)
FigureH.3
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FigureH.10
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Eaehof thewellfieldareaswasassigneda representativetransmissivity
derivedfromthegroundwatermodelpredictions: 2000m3/dayforStages1
andIIAand1400m3/dayforStageIIB. An estimateof 2% forthestorage
coefficientwasderivedfromthepumpingtestdata(AppendixB).
Themodeltakesno accountof possiblerechargeto thearea,sothe
drawdownspredictedrepresentheworstpossiblecaseof longtermpumping
withno recharge.
A correctionhasbeenmadeforpartiallypenetratingwells,anddrawdowns
havebeengivenbothforthefullypenetratingcaseandaftercorrection.

APPENDIXJ
SHABFFLLEFLOWRECORDS
Thegaugingstationsof directrelevanceto thisstudyarelocatedat
Balcadand Afgooye;althoughrecordsareavailablefrom1951to date,there
aresomelargegapsintherecords.Moreoverthereareextensiveperiods
whenthequalityof thedataisparticularlysuspect.
In1968HuntingTechnicalServices'investigatedthehydrologyof the
Shabeelleinsomedetail,andundertooka rehabilitationprogrammeof the
existingaugingstations.At BalcadandAfgooyethegaugeswerelocated
on orneartheexistingroadbridges,andneithersitewasconsideredtobe
verysatisfactoryfordisdhargeobservationsbecausetheybothhavebridge
piersobstructingtheflow. Howeverthegaugingscarriedoutat thattime
broadlyconfirmedtheratingcurvesandfivedaymeandischargeswere
calculatedfortheperiodof record.Thesearesummarisedasmeanmonthly
dischargesinTablesJ.1andJ.2.
After1968flowdatahavebeenpublishedforAfgooye2butnotforBalcad;
thesecovertheperiodupto 1974andaresummarisedinTable3.3. Measure-
ments-ofShabeelleriverstageweretakenatBalcadroadbridgeaspartof
theroutinewaterlevelobservationstakenduringthecourseof thisstudy;
theseareincludedattheendof thisAppendix.
Since1968,a newroadbridgehasbeencompletedat eachsitea short
distancedownstream.AlthoughHuntingsrecommendedthat,onceconstruction'
hadfinished,newratingcurvesshouldbe establishedby usingboatsor
overheadcableways,thereisno evidencethatthishasbeendone.
1 Projectfbr the WaterControlandManagementof theShabeelleRiver,
Somalia,Vol.IV, WaterResourcesandEngineering,HuntingTechnical
ServicesLtd.and Sir M. MacDonaldandPartners,Nov. 1969.
2 PilotProjectfbr IrrigatedAgriculturalDevelopmenton theShabeele
River,Somalia;UNDP/FAO,Rome,1975.
OurfieldsurveyofJanuary1979revealedthatat Balcadthegauge
boardandautomaticwaterlevelrecorderwerestillin theiroriginal
positions,justupstreamof theoldbridge.Therecorderhadobviously
beenoutof orderforsometimeandthestateof thebridge,fromwhich
thepreviousratinghadbeenestablished,wastoodangerousto allow
furtherdischargemeasurementsobe made.
At Afgooye,thegaugeboardis locatedon anupstreampierof theold
bridge.Itwasimpossibleto readdirectlybecause.thetrashaccumulated
fromrecentfloodsobscuredthemarkingson thegauge.Itwasimpossible
tomakeanydischargemeasurementsfromthisbridgebecauseof these
obstructions.
It is clearthatthereareconsiderableshortcomingsintheobservation
andanalysisof thestreamflowdata. Inviewof theimportanceof the
Shabeelleas thesourceof irrigationwater,anditspossiblefuturerole
as an additionalsupplyto theMugdishowatersupply,it isvitalthatall
thecomponentsof theexistinghydrometricnetworkarethoroughlyreviewed
andupdated.
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MUODISHO RESOURCE STUDY
RIVER STAGE SUMMARY
ALL THE DATA
GRID REF. 54352598
SITE NAME
DATE


RIVER STAGE
(METRES)
DATE


RIVER STAGE
(METRES)
26 SEP 78 5.270 18 APR 79 3.620
9 OCT 78 5.190 28 APR 79 4.200
14 OCT 78 5.270 20 mAy 79 3.400
24 OCT 78 5.330 3 JUN 79 5.460
28 OCT 78 5.340 6 JUN 79 5.490
5 NOV 78 5.500 11 JUN 79 5.520
12 NOV 78 5.520 16 JUN 79 5.520
18 NOV 78 5.130 20 JUN 79 5.020
26 NOV 78 3.600 24 JUN 79 4.860
7 DEC 78 2.870 28 JUN 79 4.300
16 DEC 78 2.740 3 JUL 79 3.630
23 DEC 78 2.350 10 JUL 79 3.030
3 JAN 79 1.800 16 JUL 79 2.540
12 JAN 79 1.720 24 JUL 79 3.790
5 FEB 79 2.570 26 JUL 79 3.880
13 FEB 79 4.750 6 AUG 79 4.100
10 MAR 79 3.880 28 AUG 79 5.520
17 MAR 79 1.900 15 SEP 79 3.000
26 MAR 79 1.290 17 SEP 79 3.290
3 APR 79 4.550 23 SEP 79 3.750

